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PREFACE  TO  THE  SIXTEENTH   EDITION. 


The  principal  changes  in  this  edition  are  the  following : 
(i)  Many  changes  in  Chap.  XIV  on  Geodetic  Surveying, 
especially  concerning  base-line  measurements  and  precise  level- 
ing, to   adapt   these  portions  to  the  recent  greatly  modified 
practices  of  the  U.  S.  C.  &  G.  Survey. 

(2)  A  new  Table  XII  has  been  computed  (pp.  814,  815), 
for  the  years  1902-1910.  This  table  gives  the  azimuth  of 
Polaris  for  all  hour-angles,  and  for  all  latitudes  from  30°  to  50°. 

(3)  Several  minor  changes  and  corrections  have  been  made, 
notably  on  p.  468,  in  reference  to  the  shrinkage  of  earthwork. 

J.  B.  J. 

Madison,  January,  1902. 


PREFACE    TO    THE    FIFTEENTH    EDITION. 


The  principal  changes  in  this  edition  are  the  following: 

1.  A  new  field  method  of  determining  the  refraction  correc- 
tion to  apply  to  the  declination  setting  in  solar  azimuth  work 
is  given  in  Art  ^^a.  This  method  was  devised  by  G.  C.  Corn- 
stock,  Professor  of  Astronomy  in  the  University  of  Wisconsin. 

2.  A  description  of  the  slide-rule,  with  illustrative  examples 
of  its  use,  is  given  in  Art.  156^.  While  the  author  has  long 
been  a  constant  user  of  slide-rules  of  all  kinds,  he  had  not 
thought  to  include  it  in  a  description  of  surveying  instruments. 
It  is  now  introduced  here  simply  because  its  use  is  not  taught 
elsewhere  in  our  engineering  schools. 

3.  Various  improvements  in  the  field  methods  of  surveying 
with  the  transit  and  stadia,  in  order  to  increase  the  accuracy  of 
this  kind  of  work.  These  are  found  in  the  new  articles  200^, 
201,  218,  218^?,  all  of  which  have  been  prepared  by  L.  S.  Smith, 
Assistant  Professor  of  Topographical  and  Geodetic  Engineer- 
ing in  the  University  of  Wisconsin. 

4.  Chapter  XI,  on  Mining  Surveying,  has  been  entirely  re- 
written by  Prof.  Robert  S.  Stockton,  E.M.,  of  the  Colorado 
State  School  of  Mines,  Golden,  Col.,  and  by  Mr.  Edward  P. 
Arthur,  Jr.,  E.M.,  U.  S.  Deputy  Mineral  Surv^eyor,  Cripple 
Creek,  Col.  Both  these  gentlemen  are  accomplished  mining 
and  mineral  land  surveyors,  and  one  of  them  is  an  experienced 
teacher.     It  is  believed,  therefore,  that  this  chapter  has  been 
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much  improved  and  is  better  suited,  both  for  instruction  and 
for  field  purposes,  than  the  former  chapter  on  this  subject. 

5.  A  new  Appendix  B,  being  the  latest  Manual  of  Instruc- 
tions for  the  Survey  of  Mineral  Lands.  This  has  been  brought 
up  to  date,  1899,  and  is  much  more  full  and  complete  than  the 
former  Appendix  B. 

6.  A  new  Appendix  I,  which  is  a  reprint  of  the  latest  Rules 
for  Restoring  Lost  Corners  as  issued  by  the  General  Land 
Office  at  Washington.     This  is  a  very  important  addition. 

It  is  thought  that  these  changes  and  additions  will  consider- 
ably enhance  the  value  of  a  work  which  has  secured  and  still 
retains  the  favor  of  both  the  surveyors  and  teachers  of  survey- 
ing at  home  and  abroad  to  a  degree  far  beyond  the  author's 
fondest  hopes  when  he  undertook  the  work  some  fifteen  years 
ago. 

The  author's  desire  and  purpose  to  keep  this  work  fully 
abreast  of  the  best  American  practice  is  his  only  excuse  for  the 
numerous  additions  and  changes  which  have  been  made  in  the 
various  successive  editions. 

J.  B.  J. 

Madison,  Wis.,  January,  1900. 


NOTE, 

In  the  second  thousand  of  the  fifteenth  edition  a  new 
method  of  finding  azimuth  from  an  observation  on  Polaris  at 
any  hour  is  given  in  Art.  381^?  on  page  569.  This  method  and 
the  tables  used  in  it  were  devised  by  G.  C.  Comstock,  Professor 
of  Astronomy  in  the  Ujiiversity  of  Wisconsin.  For  the  obtain- 
ing of  an  azimuth  within  an  error  of  one  minute  the  author  of 
this  work  recommends  this  method  as  superior  to  all  others 
when  it  is  inconvenient  to  make  the  observation  on  Polaris  when 
near  elongation.  The  method  is,  however,  as  suitable  for  an 
observation  at  elongation  as  at  any  other  time.  The  method 
heretofore  used  in  this  work  for  a  similar  purpose,  which  was 
taken  from  the  Manual  of  Instructions  used  by  the  Commis- 
sioner of  the  General  Land  Office,  is  also  retained  and  now 
forms  Art.  381^. 

A  three-place  table  of  logarithms  of  numbers  and  of  trigo- 
nometrical functions,  all  on  one  double-page  inset,  has  been 
added  as  Table  la,  p.  756.  A  corresponding  pocket  edition  of 
this  table  also  will  be  inserted  in  all  copies  of  the  sixteenth 
and  subsequent  editions  of  this  work.  These  three-place  tables 
will  be  found  sufficiently  accurate  for  many  of  the  computations 
required  in  surveying.  They  are  of  especial  value  in  laboratory 
computations. 

Certain  other  minor  changes  and  corrections  have  been 
made,  including  the  computation  of  new  tables  for  the  elonga- 
tion and  culmination  of  Polaris  and  5 1  Cephei,  beginning  with 
the  year  1901.  These  changes  have  been  made  on  pages  32, 
560,  and  561. 
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Since  the  issue  of  the  seventh  edition  of  this  work,  in 
1890,  there  was  added  in  the  tenth  edition  (1892)  Appendix 
F,  being  the  instructions  for  field  work  issued  by  the  Missis- 
sippi River  Commission,  and  there  was  added  in  the  eleventh 
edition  Appendix  G,  upon  the  Essential  Requirements  of  Sur- 
veys and  Maps,  and  upon  the  Ownership  of  Surveys,  by  Prof. 
Wm.  G.  Raymond.  There  is  now  added  to  the  twelfth  edi- 
tion Appendix  H,  containing  the  Michigan  Instructions  for 
the  Making  and  Filing  of  Town,  City,  and  Village  Plats,  with 
various  accompanying  legal  forms.  While  the  laws  of  other 
States  will  not  require  the  particular  procedure  in  these  mat- 
ters, here  laid  down,  the  general  following  of  these  instructions 
will  greatly  improve  the  current  practice  everywhere.  All 
students  and  young  surveyors  are  urged  to  read  these  two  last 
appendices  with  care. 

There  has  also  been  added  a  Table  of  Azimuths  of  Polaris, 
from  1895  to  1910;  and  a  method  of  finding  the  meridian  by  a 
single  measurement  of  the  altitude  of  the  sun  (p.  103*'/;,  this 
being  the  most  convenient  method  to  use,  but  one  which  ha<l 
strangely  fallen  into  disuse.  Also  a  new  isogonic  chart  show- 
ing magnetic  declinations  in  the  United  States  for  k/jo,  and 
on  pp.  28^7  to  28^/,  a  list  of  annual  cJiangcs  in  the  dcch*natir>n 
for  the  years  1895  and  1900,  both  of  these  being  furnished 
through  the  courtesy  of  the  Superintendent  of  the  United 
States  Coast  and  Geodetic  Survey,  in  advance  of  their  pubh'ca- 
tion  by  that  office.  The  Swiss  method  of  barometric  levelh'ng 
between  points  of  known  elevation  is  also  added  to  this  edition 
(p.  137).  and  a  few  other  minor  changes  and  cr-rrections  are 
made.  J.  13.  J. 

September..  1896. 
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In  each  new  edition  of  this  volume  some  additions,  cor- 
rections, and  minor  changes  have  been  made.  In  the  present 
edition  there  are  so  many  changes  and  additions  that  they 
deserve  to  be  specially  mentioned. 

To  Part  I.,  on  Surveying  Instruments,  have  been  added 
descriptions  and  cuts  of  the  architect's  level,  new  level-rod  tar- 
gets and  bubbles,  Wood's  double  sextant,  and  the  cross-section 
polar  protractor  used  in  the  New  York  aqueduct  tunnel. 

The  table  of  Magnetic  Declination  Formulae,  on  pages  25  to 
28  inclusive,  has  been  replaced  entire  with  the  new  table  issued 
by  the  United  States  Coast  and  Geodetic  Survey,  1890,  and 
Plate  I.  has  been  redrawn  and  brought  down  to  1890. 

The  chapter  on  Land  Surveying  has  been  entirely  recast. 
A  considerable  amount  of  new  matter  on  the  subject  of  monu- 
ments, and  the  principles  and  laws  governing  the  re-survey  of 
lands,  have  been  added.  The  author  wishes  here  to  acknowledge 
his  debt  to  Bellows  and  Hodgeman's  little  work  on  Land  Sur- 
veying for  much  of  the  original  matter  from  which  he  has 
deduced  his  general  rules.  In  that  work  decisions  are  ab- 
stracted, and  references  given  to  the  cases  themselves,  and  the 
land  surveyor  would  do  well  to  obtain  a  copy  of  this  valuable 
work.  In  preparing  these  general  rules  the  author  has  had  in 
mind  the  student  and  young  surv^eyor  rather  than  the  ex- 
perienced practitioner;  and  the  reader  must  remember  that 
judicial  decisions  are  judgments  on  particular  cases,  and  gener- 
-Hzations  from  such  decisions  must  be  made  and  received  with 
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caution.  The  rules  here  laid  down  apply  rather  to  the  inexact 
methods  of  the  compass  and  chain  than  to  those  of  the  transit 
and  steel  tape. 

The  description  of  the  United  States  Land  Surveys  has 
been  entirely  re-written  and  expanded,  and  an  appendix  added 
giving  the  location  of  all  the  principal  meridians  and  accom 
panying  base  lines  which  have   been  used  in  laying  out  the 
public  lands. 

A  method  of  running  out  parallels  of  latitude,  with  suitable 
tables,  has  been  added,  and  also  tables  and  descriptions  by 
which  an  observation  for  azimuth  may  be  made  on  Polaris  at 
any  hour.  This  latter  table  has  but  recently  been  computed, 
and  is  published  in  the  last  edition  (1890)  of  the  Manual  of 
Instructions  issued  by  the  Commissioner  of  the  General  Land 
Office,  Washington,  D.  C.  By  means  of  this  table  the  great 
objections  to  stellar  observations  for  azimuth  are  removed,  as 
they  may  be  made  at  any  hour,  and  all  tedious  computations 
are  avoided. 

A  description  of  Porro's  Telescope  has  also  been  added  to 
the  chapter  on  Topographical  Surveying.  This  telescope 
reads  dictances  by  stadia  correctly  from  the  center  of  the 
instrument  instead  of  from  a  point  in  front  of  the  objective. 
It  is  not  now  manufactured  in  this  country,  but  it  may  again 
come  into  use. 

J.  B.  [. 
December,  1890. 
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No  apology  is  necessary  for  the  appearance  of  a  new  book 
on  Surveying.  The  needs  of  surveyors  have  long  been  far  be- 
yond the  accessible  literature  on  this  subject,  to  say  nothing  of 
that  which  has  heretofore  been  formulated  in  text-books.  The 
author's  object  has  been  to  supply  this  want  so  far  as  he  was 
able  to  do  it. 

The  subject  of  surveying,  both  in  the  books  and  in  the 
schools,  has  been  too  largely  confined  to  Land  Surveying,  The 
engineering  graduates  of  our  technical  schools  are  probably 
called  upon  to  do  more  in  any  one  of  the  departments  of 
Railroad,  City,  Topographical,  Hydrographical,  Mining,  or 
Geodetic  Surveying  than  in  that  of  Land  Surveying.  Some 
of  these  subjects,  as  for  example  City,  Geodetic,  and  Hy- 
drographical Surveying,  have  not  been  formulated  hitherto, 
in  any  adequate  sense,  in  either  English  or  any  other 
language,  to  the  author's  knowledge.  In  the  case  of  Geodetic 
Surveying  there  has  been  a  wide  hiatus  between  the  matter 
given  in  text-books  and  the  treatment  of  the  subject  in  works 
on  Geodesy  and  in  special  reports  of  geodetic  operations.  The 
latter  was  too  technical,  prolix,  and  difficult  to  give  to  stu- 
dents, while  the  former  was  entirely  inadequate  to  any  rea- 
sonable preparation  for  this  kind  of  work  on  even  a  small 
scale.  The  subjects  of  City  and  Hydrographical  Surveying  as 
here  presented  are  absolutely  new. 

Part  L  treats  of  the  adjustment,  use,  and  care  of  all  kinds 
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♦  Certain  special  apptiancesj   as  for  ejcample  helbtropes,  filar 
current  meter*,  etc.,  are  treated  in  the  sub&t^qucat  chapt^n. 

t  At  Wa^shington  UniversUy  all  the  engitieeftng  SopbooMvti 
ie!d  for  four  weeks  at  the  end  af  the  college  year,  aisd  flMkfet  •  ^MMtiA  AmmI 
and  iQpographic«i1  survey,  such  as  shown  in  Plate  II.  Al  Itmtmi  if  IW  frmr^ 
year  the  civilHjngineering  students  go  again  for  lo*if 
f  eodetie  and  railroad  survey.  Some  distant  m0x»m  li 
Qund,  boarding  facilities,  etc.,  are  suitable. 
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of  instruments  used  in  surveying,  eitlier  in  field  or  office,*  In 
describing  the  adjustments  of  instruments  the  object  has  been  - 
to  present  to  the  mind  of  the  reader  the  geometrical  relations  f 
from  which  a  rule  or  method  of  adjustment  would  naturally 
follow-  The  author  has  no  sympatliy  with  descriptions  of  ad- 
justments as  mechanical  processes  simply  to  be  committed  to 
memory,  any  more  than  he  has  with  that  method  of  teaching 
geometry  wherein  the  student  is  allowed  to  memorize  the 
demonstration, 
K  Many  surveying  instruments  not  usually  described  in  books 
on  surveying  are  fully  treated,  such  as  planimeters,  panto- 
graphs, barometers,  protractors,  etc.  The  several  sets  of  prob- 
lems given  to  be  worked  out  by  the  aid  of  the  corresponding 
instruinents  are  designed  to  teach  the  capacity  and  limitations 
of  such  instruments,  as  well  as  the  more  important  sources  of 
error  in  their  use.  This  work  is  such  as  can  be  performed 
about  the  college  campus,  or  in  the  near  vicinity,  and  is  sup- 
posed to  be  assigned  for  afternoon  or  Saturday  practice  while 
the  subject  is  under  consideration  by  the  class.  More  ex* 
tended  surveys  require  a  special  field-season  for  their  success- 
^fu!  pr05ecution,t  _ 

B      The  methods  of  the  differential  and  integral  calculus  have  I 
been  sparingly  used,  as  in  the  derivation  of  the  barometric  for*  I 
mula  for  elevations,  and  of  the  LM Z  formulae  in  Appendix 
D,     Such  demonstrations  may  have  to  be  postponed  to  a  later 
period  of  the  course. 
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Part  II.  includes  descriptions  of  the  theory  and  practice  of 
Surveying  Methods  in  the  several  departments  of  Land,  Topo- 
graphical.  Railroad,  Hydrographical,  Mining,  City,  and  Geo- 
detic Surveying ;  Surveys  for  the  Measurement  of  Volumes ; 
and  the  Projection  of  Maps,  Map  Lettering,  and  Topographi* 
cal  Signs.  The  author  has  tried  to  treat  these  subjects  in  a 
concise,  scientific,  and  practical  way,  giving  only  the  latest  and 
most  approved  methods,  and  omitting  all  problems  whose 
only  claim  for  attention  is  that  of  geometrical  interest. 

In  treating  the  trite  subject  of  Land  Surveying  many  prob- 
lems which  are  more  curious  than  useful  have  been  omitted, 
and  several  new  features  introduced.  The  subjects  of  com- 
puting areas  from  the  rectangular  co-ordinates,  and  the  supply- 
ing of  missing  data,  are  made  problems  in  analytical  geometry, 
as  they  should  be.  A  logarithmic  Traverse  Table  for  every 
minute  of  arc  from  zero  to  90^,  arranged  for  all  azimuths  from 
zero  to  360®,  to  be  used  in  connection  with  a  four-place  loga- 
rithmic table,  serves  to  compute  the  co-ordinates  of  lines  when 
the  transit  is  the  instrument  used.  A  traverse  table  com- 
puted for  every  15  minutes  of  arc  is  no  longer  of  much  value. 
The  isogonic  declination  curves  shown  on  Plate  I.  will  be  found 
to  embody  all  the  accessible  data  up  to  1885,  and  are  reduced 
from  the  U.  S.  Coast  Survey  chart.  Appendix  A  will  be 
found  of  great  value  as  outlining  the  Judicial  Functions  of  the 
Surveyor  by  the  best  possible  authority. 

The  chapter  on  Mining  Surveying  was  written  by  Mr.  C 
A.  Russell,  C.E.,  U.  S.  Deputy  Mineral  Surveyor  of  Boulder, 
Colorado.*  He  has  had  an  extended  experience  in  Hydro- 
graphic  Surveying,  in  addition  to  many  years*  practice  in  sur- 
veying mines  and  mining  claims. 

♦  This  chapter  has  now  been  replaced  by  another  by  Prof.  R.  S.  Stockton, 
of  the  Colorado  School  of  Mines. 
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The  chapter  on  City  Surveying  was  written  by  Mr.  Wm. 
Bouton,  C.E.,  City  Surveyor  of  St.  Louis,  Mo.  Mr.  Bouton 
has  done  a  large  proportion  of  the  city  surveying  in  St.  Louis 
for  the  last  twenty  years,  and  has  gained  an  enviable  reputa* 
tion  as  a  reliable,  scientific,  and  expert  surveyor. 

It  is  believed  that  the  ripe  experience  of  these  gentlemen 
which  has  been  embodied  in  their  respective  chapters  will  ma- 
terially  enhance  the  value  of  the  book. 

The  author  also  desires  to  acknowledge  his  indebtedness  to 
his  friend  H.  S.  Pritchett,  Professor  of  Astronomy  in  Wash- 
ington University,"*  for  valuable  assistance  in  the  preparation 
ol  the  matter  on  Time  in  Chapter  XIV. 

Although  the  theorems  and  the  notation  of  the  method  of 
least  squares  are  not  used  in  this  work,  yet  two  problems  are 
solved  by  what  !s  called  the  method  of  the  arithmetic  mean 
(which,  when  properly  defined,  is  the  same  as  the  method  of 
least  squares),  which  will  serve  as  a  good  introduction  to  the 
study  of  the  method  of  least  squares.  These  problems  are  the 
Rating  of  a  Current-meter,  in  Chapter  X.,  and  the  Adjustment 
of  a  Quadrilateral,  in  Chapter  XIV.  The  author  has  found 
that  such  solutions  as  these  serve  to  make  clear  to  the  mind 
of  the  student  exactly  what  is  accomplished  by  the  least- 
square  methods  of  adjusting  observations. 

The  chapter  on  Measurement  of  Volumes  is  not  intended 
to  be  an  exhaustive  treatment  of  the  subject  of  earthwork,  but 
certain  fundamental  theorems  and  relations  are  established 
which  will  enable  the  student  to  treat  rationally  all  ordinary 
problems.  The  particular  relation  between  the  Henck  pris- 
moid  and  the  warped-surface  prismoid  is  an  important  one, 
but  one  which  the  author  had  nowhere  found. f 

*  Since  made  Superintendent  of  the  U.  S.  Coast  and  (»eodetic  Survey  and 
now  (1900)  President  of  the  Massachusetts  Institute  of  Technology. 

f  The  author's  attention  has  since  been  called  to  the  fact  that  this  relation 
was  published  in  Hcnck's  "  Field  Book"  in  1881, 
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An  earthwork  table  (Table  XI.)  has  also  been  prepared 
which  gives  volumes  directly,  without  correction,  for  the 
warped-surface  prismoid.  The  author  has  no  knowledge  that 
such  a  table  has  ever  been  prepared  before. 

A  former  work  by  the  author  on  Topographical  Surveying 
by  the  Transit  and  Stadia  is  substantially  included  in  this 
book. 

The  methods  recommended  for  measuring  base-lines  with 
steel-tapes  are  new;  but  they  have  been  thoroughly  tested^ 
and  are  likely  to  work  a  material  change  in  geodetic  methods. 

The  author  wishes  to  acknowledge  his  obligations  to  many 
instrument-manufacturers  for  the  privilege  they  have  very 
kindly  accorded  to  him  of  having  electrotype  copies  made  from 
the  original  plates,  tor  many  of  the  cuts  of  instruments  given 
throughout  the  book  ;  persons  familiar  with  the  valuable  cata- 
logues published  by  these  firms  will  recognize  the  makers 
among  the  following:  W.  &  L.  E.  Gurley,  Troy,  N.  Y. ;  Buff 
&  Berger,  Boston,  Mass. ;  Fauth  &  Co.,  Washington,  D.  C. ; 
Queen  &  Co.  and  Young  &  Sons,  Philadelphia,  Pa.;  Keuffel 
&  Esser,  New  York;  and  F.  E.  Brandis  Sons  &  Co.,  Brook- 
lyn, N.  Y.  Also  to  Mr.  W.  H.  Searles  for  the  privilege  of 
using  copies  of  plates  from  his  F'ield-book  for  Tables  I.,  VI., 
and  VII. 

Hoping  this  work  will  assist  in  lifting  the  business  of  sur- 
veying to  a  higher  professional  plane,  as  well  as  to  enlarge  its 
boundaries,  the  author  submits  it  to  surveyors  and  engineers 
generally,  but  especially  to  the  instructors  and  students  in  our 
engineering  schools,  for  such  crucial  tests  as  the  field  and  the 
class-room  only  can  give. 

J.B.J. 

St.  Louis,  Sept.  23,  1886. 
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SURVEYING. 


INTRODUCTION. 

Surveying  is  the  art  of  making  such  field  observations  and 
measurements  as  are  necessary  to  determine  positions,  areas, 
volumes,  or  movements  on  the  earth's  surface.  The  field  opera- 
tions employed  to  accomplish  any  of  these  ends  constitute  a 
survey.  Accompanying  such  survey  tliere  is  usually  ihe  field 
secord,  the  computation,  and  the  final  maps,  plats,  profiles,  areas, 
or  volumes.  The  art  of  making  all  these  belongs,  therefore,  to 
the  subject  of  surveying. 

Inasmuch  as  all  fixed  engineering  structures  or  works  involve 
a  knowledge  of  that  portion  of  I  he  earth's  surface  on  which  they 
are  placed,  together  with  the  necessary  or  resulting  changes  in 
the  same,  so  the  execution  of  such  works  is  usually  accompa- 
nied by  the  surveys  necessary  to  obtain  the  required  informa- 
tion. Thus  surveying  is  seen  to  be  intimately  related  to  en- 
gineering, but  it  should  not  be  confounded  with  it.  All 
engineers  should  have  a  thorough  knowledge  of  surveying,  but 
a  surveyor  may  or  may  not  have  much  knowledge  of  engineer- 
ing. 

The  subject  of  Surveying  naturally  divides  itself  into — 
I.  The  Adjustment,  Use,  and  Care  of  Instruments. 
II.  Methods  of  Field  Work. 

III.  The  Records,  Computations,  and  Final  Products. 

All  the  ordinary  instruments  that  a  surveyor  may  be  called 
upon  to  use  in  any  of  the  departments  of  the  work  will  be  dis- 
cussed  in  the  following  pages.     The  most  approved   methods 
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only  will  be  given  for  obtaining  the  desired  information,  and 
many  problems  that  are  more  curious  than  useful  will  not  be 
mentioned.  The  student  is  assumed  to  possess  a  knowledge  of 
geometry,  and  of  plane  and  spherical  trigonometry.  He  is  also 
supposed  to  be  guided  by  an  instructor,  and  have  access  to 
most  of  the  instruments  here  mentioned,  with  the  privilege  of 
using  them  in  the  field. 

Tlie  field  work  of  surveying  consists  wholly  of  measuring  dis- 
tances, angles,  and  time,  and  it  is  well  to  remember  that  no  meas- 
urement can  ever  be  made  exactly.  The  first  thing  the  young  sur- 
veyor needs  to  learn,  therefore,  is  \,\ve proportionate  error  allowable 
in  the  special  work  assigned  him  to  perform.  It  is  of  the  utmost 
importance  to  his  success  that  he  shall  thoroughly  study  this 
subject.  He  should  know  what  all  the  sources  of  error  are,  and 
their  relative  importance  ;  also  the  relative  cost  of  diminishing 
the  size  of  such  errors.  Then,  with  a  given  standard  of  accuracy, 
he  will  know  how  to  make  the  survey  of  the  required  standard 
with  the  least  expenditure  of  time  and  labor.  He  must  not  do 
all  parts  of  the  work  as  accurately  as  possible,  or  even  with  the 
same  care.  For,  if  the  expense  is  proportioned  to  the  accuracy 
of  results,  then  he  is  the  most  successful  surveyor  who  does  his 
work  just  good  enough  for  the  purpose.  The  relative  size  of 
the  various  sources  of  error  is  of  the  utmost  importance.  One 
should  not  expend  considerable  time  and  labor  to  reduce  the 
error  of  measurement  of  a  line  to  i  in  10,000  when  the  unknown 
error  in  the  length  of  the  measuring  unit  may  be  as  high  as  i 
m  1000. 

The  surveyor  must  carefully  discriminate,  also,  between  com- 
pensating errors  and  cumulative  errors.  A  compensating  errot 
is  one  which  is  as  likely  to  be  plus  as  minus,  and  it  is  therefore 
largely  compensated  in,  or  eliminated  from,  the  result.  ^ 
cumulative  error  is  one  which  always  enters  with  the  same  si^^ 
and  therefore  it  accumulates  in  the  result.  Thus,  in  chaining 
the  error  in  setting  the  pin  is  a  compensating  error,  while  tl'^ 
error  from  erroneous  length  of  cliain  is  a  cumulative  error.  I  ^ 
mile  is  chained  with  a  66-foot  chain,  there  are  80  measureme  «'"•■ 
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taken.  Suppose  the  error  of  setting  the  pin  be  0.5  inch,  and  the 
error  in  the  length  of  the  chain  be  o.i  inch.  Now  the  theory  of 
probabilities  shows  us  that  in  the  case  of  compensating  errors 
the  square  root  of  the  number  of  errors  probably'*^  remains  un- 
compensated. The  probable  error  from  setting  the  pins  is 
therefore  9  X  0.5  inch  =  4.5  inches..  The  error  from  erroneous 
length  of  chain  is  80  X  o.  i  inch  —  8  inches.  Thus  we  see  that 
altliough  the  error  from  setting  the  pins  was  ^\'q  times  a^  great  as 
that  from  erroneous  length  of  chain,  yet  in  running  onn  mile,  the 
resulting  error  from  the  latter  cause  was  nearly  twice  that  from 
the  former.  A  careful  study  of  the  various  sources  of  error 
affecting  a  given  kind  of  work  will  usually  enable  the  surveyor 
cither  to  add  greatly  to  its  accuracy  without  increasing  its  cost, 
or  to  greatly  diminish  its  cost  without  diminishing  its  accuracy. 
The  surveyor  should  have  no  desire  except  to  arrive  at  the 
truth.  This  is  the  true  scientific  spirit.  He  should  be  most 
severely  honest  with  himself.  He  should  not  allow  himself 
to  change  or  "  fudge"  his  notes  without  sufficient  warrant, 
and  then  a  full  explanation  should  be  made  in  his  note-book. 
Neither  should  he  make  his  results  appear  more  accurate  than 
they  really  are.  He  should  always  know  what  was  about  the 
relative  accuracy  with  which  his  field  work  was  done,  and  carry 
his  i^esults  only  so  far  as  the  accuracy  of  the  work  would  war- 
rant. He  is  either  foolish  or  dishonest  who,  having  made  a 
survey  of  an  area,  for  instance,  with  an  error  of  closure  of  i  in 
300,  should  carry  his  results  to  six  significant  figures,  thus  giv- 
ing the  area  to  i  in  500,000.  It  is  usual  to  carry  the  computa- 
tions one  place  farther  than  the  results  are  known,  in  order  that 
no  additional  error  may  come  in  from  the  computation.  It  is 
not  unusual,  however,  to  see  results  given  in  published  docu- 
ments to  two,  three,  or  even  four  places  farther  than  the  observa- 
tions would  warrant. 


*The  meaning  of  this  statement  is  that  on  the  average  this  will  occur  oftener 
than  any  other  combination,  and  that  any  single  result  will,  on  the  average^  be 
nearer  to  this  result  than  to  any  other. 
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The  student  should  make  himself  familiar  with  the  structure 
and  use  of  every  part  of  every  instrument  put  into  his  hands. 
The  best  way  of  doing  this  is  to  take  the  instrument  all  apart 
and  put  it  together  again.  This,  of  course,  is  not  practicable  for 
each  student  in  college,  but  when  he  is  given  an  instrument  in 
real  practice,  he  should  then  make  himself  thoroughly  familiar 
with  it  before  attempting  to  use  it. 

The  adjustments  of  instruments  should  be  studied  as  problems 
in  descriptive  geometry  and  not  as  mechanical  manipulations, 
learned  in  a  mechanical  way;  and  when  adjusting  an  instrument 
tlie  geometry  of  the  problem  should  be  in  the  mind  rather  than 
the  rule  in  the  memory. 

Students  of  engineering  in  technical  schools  are  urged  to 
make  themselves  familiar  with  every  kind  of  instrument  in  the 
outfit  of  the  institution,  and  to  do  in  the  field  every  kind  of  work 
herein  described  if  possible.  Otherwise  he  may  be  called  upon 
to  do,  or  to  direct  others  to  do,  what  he  has  never  done  himself, 
and  he  will  then  find  that  his  studies  prove  of  little  avail  with- 
out the  real  knowledge  that  comes  only  from  experience. 

smith's  field  manual.* 

Professor  Leonard  S.  Smith,  of  the  University  of  Wisconsin, 
has  prepared  a  field  manual  of  notes  and  problems  for  the  use 
of  students  in  surveying,  especially  designed  to  accompany 
this  work.  Teachers  and  students  using  this  work  as  a  text- 
book will  find  the  Manual  of  Prof.  Smith  very  helpful.  It  con- 
tains fifty-five  problems,  and  while  a  number  of  them  have 
reference  to  particular  marks  on  the  campus  of  the  University 
of  Wisconsin  and  in  the  city  of  Madison,  these  could  be  readily 
changed  to  suit  any  set  of  local  conditions.  This  manual  is 
neatly  bound  in  red  morocco  and  can  be  obtained  from  the 
author. 


This  note  added  in  the  sixteenth  and  subsequent  editions. 
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CHAPTER  L 

INSTRUMENTS  FOR  MEAStmiNG  DISTANCES. 

THE  CHAIN. 

1,  The  Engineer's  Chain  is  50  or  icx>  feet  long,  anc 
should  be  made  of  No.  13  steel  wire.  The 
links  are  nne  foot  long,  inctuding  the  con- 
necting rings  All  joints  in  rings  and  links 
should  be  brazed  to  prevent  giving.  The 
connections  are  designed  so  as  to  admit  of 
as  111  tie  stretch  as  possible.  Every  tenth 
foot  is  marked  by  a  special  form  of  brass 
Xsk^.  If  the  chain  is  adjustable  in  length, 
it  should  be  made  of  standard  length  by 
measuring  from  the  inside  of  the  handle 
at  one  end  to  the  outsido  of  the  handle  at 
the  other.  If  it  is  not  adjustable,  measure 
from  the  outside  of  the  handle  at  the  rear 
end  to  the  standard  mark  at  the  foi-ward 

end.  Pic.  t. 

2.  Gunter's  Chain  is  66  feet  long,  and  is  divided  into  lOO 
links*  each  link  being  7,92  inches  in  length.  This  chain  is 
mostly  used  in  land*surveytng,  where  the  acre  is  the  unit  o( 
measure*     It  was  invented  by  Edmund   Gunter»  an    English 


m  \  ^ 
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Ltronomer,  about  1620,  and  is  very  convenient  for  obtaining 
reas  in  acres  or  distances  in  miles.     Thus, 
One  mile  =  80  chains ;  also. 
One  acre  =  160  square  rods, 
_^     =  10  square  chains, 
—  100,000  square  links, 
therefore,  the  unit  of  measure  be  chains  and  hundredths 
links),  the  area  is  obtained  in  square  chains  and  decimals,  and 
pointing  off  one  more  place  the  result  is  obtained  in  acres. 
his  is  the  length  of  chain  used  on  all  the  U.  S.  land  surveys, 
li  all  deeds  of  conveyance  and  other  documents,  when  tht 
lord  chain  i^i  used  it  is  Gunter's  chain  that  is  meant. 

3-  Testing  the  Chain.^No  chain,  of  whatever  materia] 

manufacture,  will  remain  of  constant  length.     The  length 

langos  from  temperature,  wear,  and  various  kinds  of  distor- 

A  change  of  temperature  of  70°  F,  in  a  100-foot  chain 
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the  chain  should  be  always  known,  or  better,  that  the  standard 
length  (50,  66»  or  100  feet)  should  be  properly  measured  from 
one  end  of  the  chain  and  marked  at  the  other.  This  chain 
te^t  Is  most  readily  accomplished  by  the  aid  of  a  standard  steel 
tape,  which  is  at  least  as  long  as  the  chain.  By  the  aid  of  such 
a  tape  a  standard  length  may  be  laid  off  on  the  floor  of  a  large 

1~  room,  or  two  stones  may  be  firmly  set  in  the  ground  at  the 
proper  distance  apart  and  marks  cut  upon  their  upper  sur- 
faces. If  stones  are  used  they  should  reach  below  the  frost* 
line.  Or  a  short  tapc»  or  other  standard  measuring  unit,  may 
fc  used  for  laying  off  such  a  base-line.  By  whatever  means  it 
is  accomph'shed,  some  ready  means  should  at  all  times  be 
available  for  testing  the  chain*  Since  a  chain  always  grows 
longer  with  use,  the  forward  end  of  the  chain  will  move 
lanher  and  farther  from  the  standard  mark,  A  smalf  file- 
mark  may  be  made  on  the  handle  or  elsewhere,  and  then  re- 
moved when  a  new  test  gives  a  new  position.  Care  must  be 
exercised  to  see  that  there  arc  no  kinks  in  the  chain  either  in 
testing  or  in  use. 

In  laying  out  the  standard  base  the  temperature  at  which 
the  unit  of  measure  is  standard  should  be  known  (this  tempera- 
ture is  stamped  on  the  better  class  of  steel  tapes),  and  if  the 
base  is  not  laid  out  at  tliis  temperature,  a  correction  should 
be  made  before  the  marks  are  set.  The  coefficient  of  expansion 
of  iron  and  steel  is  very  nearly  o,ocxxx>65  for  i*"  F.  If  T,  be 
the  temperature  at  which  the  tape  is  standard,  T  the  tem- 
perature at  which  the  base  is  measured,  and  L  the  length 
of  the  base,  then  o,boooo6^  {T^^  T)L  is  the  correction  to  be 
applied  to  the  measured  length  to  give  the  true  length. 

When  the  chain  is  tested  by  this  standard  base  the  tem- 
perature should  be  again  noted,  and  if  this  is  about  the  mean 
temperature  for  the  field  measurements  no  correction  need  be 
inade  to  the  field  work.  If  it  is  known,  at  the  time  the  chain 
IB  tested,  that  the  temperature  is  very  different  from  the  prob- 


able  mean  of  the  field  work,  then  the  standard  mark  can  be  so 
placed  on  the  chain  as  to  make  it  standard  when  in  use. 

4.  The  Use  of  the  Chain. — The  chain  is  folded  by  taking 
it  by  the  middle  joint  and  folding  the  two  ends  simultaneous- 
ly. It  is  opened  by  taking  the  two  handles  in  one  hand  and 
throwing  the  chain  out  with  the  other. 

Since  horizontal  distances  are  always  desired  in  surveying, 
the  chain  should  be  held  horizontally  in  measuring.  Points 
vertically  below  the  ends  of  the  chain  are  marked  by  iron  pins, 
the  head  chainman  placing  them  and  the  rear  chainman  remov- 
ing them  after  the  next  pin  is  set.  The  chain  is  lined  in  either 
by  the  head  or  rear  chainman,  or  by  the  observer  at  the  instru- 
ment, according  as  the  range-pole  is  in  the  rear,  or  in  front,  or 
not  visible  by  either  chainman.  When  chaining  on  level 
ground,  the  rear  chainman  brings  the  outside  of  the  handle 
against  the  pin,  and  the  head  chainman  sets  the  forward  side 
of  his  pin  even  with  the  standard  mark  on  the  chain.  By  this 
means  the  centres  of  the  pins  are  the  true  distance  apart.  On 
uneven  ground  both  chainmen  cannot  hold  to  the  pin  ;  one  end 
being  elevated  in  order  to  bring  the  chain  to  a  horizontal 
position.  In  this  case  there  are  three  difficulties  to  be  over- 
come. The  chain  should  be  drawn  so  taut  that  the  stretch 
from  the  pull  would  balance  the  shortening  from  the  sag;  the 
chain  should  be  made  horizontal ;  the  elevated  end-mark  must 
be  transferred  vertically  to  the  ground.  It  is  practically  im- 
possible to  do  any  of  these  exactly.  The  first  could  be  deter- 
mined by  trial.  Stretch  the  chain  between  two  points  at  the 
same  elevation,  having  it  supported  its  entire  length.  Then 
remove  the  supports,  and  see  how  strong  a  pull  is  required  to 
bring  it  to  the  marks  again.  This  should  be  done  by  the  chain- 
men  themselves,  thus  enabling  them  to  judge  how  hard  to  pull 
it  when  it  is  off  the  ground.  To  hold  the  chain  horizontal  on 
sloping  ground  is  very  difficult,  on  account  of  the  judgment 
being  usually  very  much  in  error  as  to  the  position  of  a  hori- 
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zontal  line.  In  all  such  cases  the  apparently  horizontal  line  is 
much  too  nearly  parallel  with  the  ground.  Sometimes  a  level  has 
been  attached  to  one  end  of  the  chain,  in  which  case  it  should 
be  adjusted  to  indicate  horizontal  end-positions  for  a  certain 
pull,  this  being  the  pull  necessary  to  overcome  the  shortening 
from  sag.  To  hold  a  plumb-line  at  the  proper  mark,  wath  the 
chain  at  the  right  elevation,  and  stretched  the  proper  amount, 
requires  a  steady  hand  in  order  that  the  plumb-bob  may  hang 
stationary.  This  should  be  near  the  ground,  and  when  all  is 
ready,  it  is  dropped  by  the  chainman  letting  go  the  string. 
The  pin  is  then  stuck  and  the  work  proceeds.  It  is  common 
in  this  country  for  the  rear  chainman  to  call  **  stick'*  when  he 
is  ready,  and  for  the  head  chainman  to  answer  **  stuck*'  when 
he  has  set  the  pin.  The  rear  chainman  then  pulls  his  pin  and 
walks  on. 

There  should  be  eleyen  pins,  marked  with  strips  of  colored 
flannel  tied  in  the  rings  to  assist  in  finding  them  in  grass  or 
brush.  In  starting,  the  rear  chainman  takes  a  pin  for  the  initial 
point,  leaving  the  head  chainman  with  ten  pins.  When  the 
last  pin  is  stuck,  the  head  chainman  calls  **out,'*  and  waits  by 
this  station  until  the  rear  chainman  comes  up  and  delivers  over 
the  ten  pins  now  in  his  possession.  The  eleventh  pin  is  in  the 
ground,  and  serves  as  the  initial  point  for  the  second  score. 
Thus  only  every  ten  chains  need  be  scored. 

Good  chaining,  therefore,  consists  in  knowing  the  length  of 
the  chain,  in  true  alignment,  horizontal  and  vertical,  and  in 
proper  stretching,  marking,  and  scoring. 

THE   STEEL  TAPE. 

5.  Varieties. — Steel  tapes  are  now  made  from  one  yard  to 
1000  feet  in  length,  graduated  metrically,  or  in  feet  and  tenths. 
A  pocket  steel  tape  from  three  to  ten  feet  long  should  always 
be  carried  by  the  surveyor.  A  50-foot  tape  is  best  fitted  to 
city  surveying  where  there  are  appreciable  grades.     For  cities 
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Iwithout  grades  a  loofoot  tape  might  be  found  more  useful 
For  measuring  base-lines,  or  for  some  kinds  of  mining  surveying, 

a  3CX)  or  500  foot  tape  is  best,     These  are  of  small  cross*section, 
being  about  0*1  inch  wide  and  0.02  inch  thick.     A  tape  aboiiil 
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t|  inch  wide  and  0,02  fnch  thick  (Fig,  2)  is  perhaps  best  suited 
to  general  surveying. 

til  The  Use  of  Steel  Tapes. — Steel  tape-measures  are  used 
jttit  ai  chains  are.  1  hey  are  provided  with  handles,  but  the 
end  graduation-marks  are  usually  on  the  tape  itself  and  not  on 
tile  bandle.  They  are  graduated  to  order,  the  graduations 
bdflg  cither  etched  or  made  on  brass  sleeves  wliich  are  fastened 
iM  the  tape.  Their  advantages  are  many.  They  do  not  kiok, 
SIfStch,  or  wear  so  as  to  change  their  length,  so  that,  with 
U^tfl  kandting*  they  remain  of  constant  length  except  for 
tfjUnrriTiiirr  They  are  used  almost  exclusively  in  cfty  and 
^i4xr  ^cM-k^  and  in  the  measurement  of  secondary  baselines, 
flir  vsMl^e  precautions  must  be  taken  in  regard  to  alignment, 
hIH^  mmd  marking  with  the  tape,  as  was  described  for  the^ 


^  tisinf  ihe  i^teet  uipe  in  accmmie  incasiirentents,  $me  Ch»^ 
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EXERCISES. 
To  he  worked  out  on  the  ground  by  the  use  of  the  chain  or  tape  alone, 

7.  To  chain  a  line  over  a  hill  between  two  given  points,  not  visible  from 
each  other. 

Range-poles  are  set  at  the  given  points.  Then  the  two  chainmen,  each  with 
a  range-pole,  range  themselves  in  between  the  two  fixed  points,  near  the  top 
of  the  hill,  by  successive  approximations.     The  line  can  then  be  chained. 

8.  To  chain  a  line  across  a  valley  between  two  fixed  points. 

Establish  other  range-poles  by  means  of  a  plumb-line  held  on  range  between 
the  points. 

9.  To  chain  a  line  between  two  fixed  points  when  woods  intervene,  and  the 
true  line  is  not  to  be  cleared  out. 

Range  out  a  trial  line  by  poles,  leaving  fixed  points.  Find  the  resulting  error 
at  the  terminus,  and  move  all  the  points  over  their  proportionate  amount.  The 
true  line  may  then  be  chained. 

ZO.  To  set  a  stake  in  a  line  perpendicular  to  a  given  line  at  a  given  point. 

All  multiples  of  3,  4,  and  5  are  the  sides  of  a  right-angled  triangle;  also  any 
angle  in  a  semicircumference  is  a  right  angle. 

z  z.  To  find  where  a  perpendicular  from  a  given  point  without  a  line  will  meet 
that  line. 

Ran  an  inclined  line  from  the  given  point  to  the  given  line.  Erect  a  per- 
pendicular from  the  given  line  near  the  required  point,  extend  it  till  it  intersects 
the  inclined  line,  and  solve  by  similar  triangles. 

12.  To  establish  a  second  point  that  shall  make  with  a  given  point  a  line 
parallel  to  a  given  line. 

Diagonals  of  a  parallelogram  bisect  each  other. 

13.  To  determine  the  horizontal  distance  from  a  given  point  to  a  visible  but 
inaccessible  object. 

Use  two  similar  right-angled  triangles. 

14.  To  prolong  a  line  beyond  an  obstacle^  in  azimuth*  and  distance. 
Firtt  Solution  :  By  an  equilateral  triangle. 

Second  Solution  :  By  two  rectangular  offsets  on  each  side  of  the  obstacle. 
^       Third  Solution  :  By  similar  triangles,  as  in  Fig.  3. 
^    From  any  point  as  A  run  the  line  AB,  fixing  the  half  and  three  quarter  points 
ft  X  and  y.     From  any  other  point  as  C,  run  CxD,  making  xD  =  Cx.     From  D 

*The  azimuth  of  a  line  is  the  angle  it  forms  with  the  meridian,  and  is  meas- 
ured from  the  south  point  in  the  direction  S.W.  N.E.  to  360  degrees.  It  thus 
becomes  a  definite  direction  when  the  angle  alone  is  given.  Thus  the  azimuth 
of  220*  corresponds  to  the  compass-bearing  of  N.  40**  E. 
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run  DyE  making  DE  =  4  Dy,   fixing  the  middle  point  z.     From  B  run  ^s/^, 
making  z//  =  Bz.     Then  is  //!£  parallel  and  equal  to  DB^  AC,   and    C/f 


A C   I r 


D  B 

Fig.  3. 

Stakes  should  be  set  at  all  the  points  lettered  in  the  figure.     Check:  Measure 
HE  and  AC.     If  they  are  equal  the  work  is  correct. 

15.  To  measure  a  given  angle. 

Lay  off  equal  distances,  b,  from  the  vertex  on  the  two  lines,  and  measure  the 


third  side  a  of  the  triangle.     Then  tan  \  A=.  — rrr. 

r  4^<  —  a* 

16.  To  lay  out  a  given  angle  on  the  ground. 

Reverse  the  above  operation.  A  is  known;  assume  b  and  compute  a.  Then 
from  A  measure  ofi  AB  =  b.  From  B  and  A  strike  arcs  with  radii  equal  to  n 
and  b  respectively,  giving  an  intersection  at  C.  Then  CAB  is  the  required 
angle.  If  b  is  assumed  not  greater  than  0.6  the  length  of  the  chain,  angles  may 
be  laid  out  up  to  90*. 


, ^^O 

I    \ 

i       I 
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17.  To  mark  a  point  on  a  house,  bowlder,  or 
other  object,  near  a  line  of  survey,  which  shall 
be  at  right  angles  to  a  given  point  in  said  line, 
by  means  of  a  chain,  tape,  or  cord. 

l^t  AB  be  a  line  of  survey.  Let  C  be  a 
house  on  which  a  transfer  of  point  B  is  re- 
quired at  right  angles  to  AB.  Then  with 
radius  BA  swing  arc  AO.  and  with  \  BC  on 
stick  or  tape  measure  to  arc  from  line  AB  at 
point  0\  with  radius  OB  (or  BA\  from  O 
swing  arc  touching  house  in  C  as  required. 


Fig.  2fl* 
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CHAPTER   Ih 


INSTRUMENTS   FOR   DETERMINING   DIRECTIONS. 


THE   COMPASS, 


l8.  The  Surveyor's  Compass  consists  essentially  of  a  line 
of  sight  attached  to  a  horizontal  graduated  circle,  at  the  centre 
of  which  is  suspended  a  magnetic  needle  free  to  move,  the 
whole  conveniently  supported  with  devices  for  levelling.     Fig. 


FiG.  4> 

4  shows  a  very  good  form  of  such  an  instrument.  In  ad- 
dition to  the  above  cssentJat  features,  the  instrument  here 
shown  has  a  tangent*$crc\v  and  vernier-scale  at  e  for  setting 
off  the  declination  of  the  needle;  a  tangent-scale  on  the  edge 
of  the  vertical  sight  for  reading  vertical  angles,  the  eye  being 
placed  at  the  sight-disk  shown  on  the  opposite  standard;  and  an 
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auxiliary  graduated  circle,  with  vernier,  shown  on  the  front 
part  of  the  plate,  for  reading  angles  closer  than  could  be  done 
with  the  needle.  The  compass  is  mounted  either  on  a  tripod 
or  on  a  single  support  called  a  Jacob's-staff.  It  is  connected 
to  its  support  by  a  ball-and-socket  joint,  which  furnishes  a  con- 
venient means  of  levelling. 

Although  the  needle-compass  does  not  give  very  accurate 
results,  it  is  one  of  the  most  useful  of  surveying  instruments. 
Its  great  utility  lies  in  the  fact  that  the  needle  always  points 
in  a  known  direction,  and  therefore  the  direction  of  any  line 
of  sight  may  be  determined  by  referring  it  to  the  needle-bear- 
ing. The  needle  points  north  in  only  a  few  localities ;  but  its 
declination  fro7n  the  north  point  is  readily  determined  for  any 
region,  and  then  the  true  azimuth,  or  bearing  of  a  line,  may  be 
found.  It  has  grown  to  be  the  universal  custom,  in  finding 
the  direction  of  a  line  by  the  compass,  to  refer  it  to  citfier 
the  north  or  the  south  point,  according  to  which  one  gives  an 
acute  angle.  Thus,  if  the  bearing  is  100°  from  the  south 
point  it  is  but  80°  from  the  north  point,  and  the  direction 
would  be  defined  as  north,  80°  east  .or  west,  as  the  case 
might  be:  thus  no  line  can  have  a  numerical  bearing  of 
more  than  90°.  In  accordance  with  this  custom,  all  needle- 
compasses  are  graduated  from  both  north  and  south  points 
each  way  to  the  cast  and  west  points,  the  north  and  south 
points  being  marked  zero,  and  the  east  and  west  points  90°. 
When  the  direction  of  a  line  is  given  by  this  system  it  is 
called  the  bearing  of  the  line.  When  it  is  simply  referred 
to  the  position  of  the  needle  it  is  called  the  magnetic  bearing. 
When  it  is  corrected  for  the  declination  of  the  needle, 
either  by  setting  off  the  declination  on  the  declination-arc  or 
by  correcting  the  observed  reading,  it  is  called  the  true  bear- 
ing, being  then  referred  to  the  true  meridian. 

Because  the  graduated  circle  is  attached  to  the  line  of  sight 
and  moves  with  it,  while  the  needle  remains  stationary,  E  and 
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W  are  placed  on  the  compass-circle  in  reversed  position. 
Thus  when  the  line  of  sight  is  north-east,  the  north  end  of  the 
needle  points  to  the  left  of  the  north  point  on  the  circle,  and 
hence  E  must  be  put  on  this  side  of  the  meridian  line. 

In  reading  the  compass ^  always  keep  the  north  end  of  tlu  circle 
pointing  forward  alofig  the  linCj  and  read  the  north  end  of  tlie 
needle. 

The  north  end  of  the  needle  is  usually  shaped  to  a  special 
design,  or,  if  not,  it  may  be  distinguished  by  knowing  that  the 
south  end  is  weighted  by  having  a  small  adjustable  brass  wire 
sHpped  upon  it  to  overcome  the  tendency  the  north  end  has 
to  dip. 

ADJUSTMENTS   OF  THE   COMPASS. 

19.  The  General  Principle  of  almost  all  instrumental  ad- 
justments is  the  Principle  of  Reversion,  whereby  the  error  is 
doubled  and  at  tlu  same  time  made  apparent.  A  thorough  mas- 
tery of  this  principle  will  nearly  always  enable  one  to  deter- 
mine the  proper  method  of  adjusting  all  parts  of  any  survey- 
ing instrument.  It  should  be  a  recognized  principle  in  sur- 
veying, that  no  one  is  competent  to  handle  any  instrument 
who  is  not  able  to  determine  when  it  is  in  exact  adjustment, 
to  locate  the  source  of  the  error  if  not  in  adjustment,  to  dis- 
cuss the  effect  of  any  error  of  adjustment  on  the  work  in 
hand,  and  to  properly  adjust  all  the  movable  parts.  The 
methods  of  adjustment  should  not  be  committed  to  memory — 
any  more  than  should  the  demonstration  of  a  proposition  in 
geometry.  The  student  in  reading  the  methods  of  adjust- 
ment should  see  that  they  arc  correct,  just  as  he  sees  the  cor- 
rectness of  a  geometrical  demonstration.  Having  thus  had 
the  method  and  the  reason  therefor  clearly  in  the  mir^d,  he 
should  trust  his  ability  to  evolve  it  again  whenever  called 
upon.  He  thus  relies  upon  the  accuracy  of  his  reasoning, 
rather  than  on  the  distinctness  of  his  recollection. 
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20.  To  make  the  Plate  perpendicular  to  the  Axis  of  the 
Socket. — This  must  be  done  by  the  maker.  It  is  here  men- 
tioned because  the  axis  is  so  likely  to  get  accidentally  bent. 
Instruments  made  of  soft  brass  must  be  handled  very  care- 
fully to  prevent  such  an  accident.  If  this  adjustment  is  found 
to  be  very  much  out,  it  should  be  sent  to  the  makers.  If 
much  out,  it  will  be  shown  by  the  needle,  and  also  by  the 
plate-bubbles. 

21.  To  make  the  Plane  of  the  Bubbles  perpendicular 
to  the  Axis  of  the  Socket. — Level  it  in  one  position,  turn 
1 80°,  and  correct  one  half  the  movement  of  each  bubble  by 
the  adjusting-screw  at  the  end  of  the  bubble-case.  Now  level 
up  again,  and  revolve  180°,  and  the  bubbles  should  remain  at 
the  centre.  If  not,  adjust  for  one  half  the  movement  again, 
and  so  continue  until  the  bubbles  remain  in  the  centre  for  all 
positions  of  the  plate. 

The  student  should  construct  a  figure  to  illustrate  this  and  almost  all  other 
adjustments.  Thus,  in  this  case,  let  the  figure  consist  of  two  lines,  one  repre- 
senting the  axis  of  the  socket,  and  the  other  the  axis  of  the  bubble,  crossing  it. 
Now  if  these  two  lines  are  not  at  right  angles  to  each  other,  when  the  one  is 
horizontal  (as  the  bubble-axis  is  when  the  bubble  rests  at  the  centre  of  its  tube) 
the  other  is  inclined  from  the  vertical.  Now  with  this  latter  fixed,  let  the 
figure  be  revolved  180"  about  it  (or  construct  another  figure  representing  such 
a  movement),  and  it  will  be  seen  that  the  bubble-axis  now  deviates  from  the 
horizontal  by  twice  the  difference  between  the  angle  of  the  lines  and  90°.  By 
now  correcting  one  half  of  this  change  of  direction  on  the  part  of  the  bubble- 
axis,  it  will  be  made  perpendicular  to  the  socket-axis.  Then  by  relevelling  the 
instrument,  which  consists  of  moving  the  socket-axis  until  the  bubbles  return 
to  the  middle  of  the  tubes,  the  instrument  should  now  revolve  in  a  horizontal 
plane. 

22.  To  adjust  the  Pivot  to  the  Centre  of  the  Graduated 
Circle. — When  the  two  ends  of  the  needle  do  not  read  exactly 
alike  it  may  be  due  to  one  or  more  of  three  causes:  The 
circle  may  not  be  uniformly  <,^raduated  :  the  pivot  maybe  bent 
out  of  its  central  position ;  or  the  needle  may  be  bent.     All 
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oar  modem  instrunnents  are  graduated  by  machinery,  so  that 
they  have  no  errors  of  graduation  that  could  be  detected  by 
eye.  One  or  both  of  the  other  two  causes  must  therefore  ex- 
ist. If  the  difference  between  the  two  end-readings  is  con- 
stant for  all  positions  of  the  needle,  then  the  pivot  is  in  the 
centre  of  the  circle^  but  the  needle  is  bent*  If  the  difference 
between  the  two  end-readings  is  variable  for  different  parts  of 
the  circle^  then  the  pivot  is  bent,  and  the  needle  may  or  nnay 
not  be  straight.  To  adjust  the  pivot,  therefore,  find  the  posi- 
tion of  the  needle  which  gives  the  maximum  difference  of  end- 
readings,  remove  the  needle,  and  bcnJ  flu  pivot  at  right  angles 
ia  this  posit imi  by  om  half  the  difference  in  the  extreme  variation 
i^/endreadiiigs^  Repeat  the  test,  etc.  Since  the  glass  cover 
is  removed  from  the  compass- box  in  making  tliis  adjustment, 
it  should  be  made  indoors,  to  prevent  any  disturbance  from 
wind. 

23.  To  straighten  the  Needle,  set  the  north  end  exactly 
at  some  graduation-mark,  and  read  the  south  end.  If  not  iSo"^ 
apart,  bend  the  needle  until  they  are.  This  implies  that  the 
preceding  adjustment  has  been  made,  or  examined  and  found 
correct. 

24.  To  make  the  Plane  of  the  Sights  normal  to  the 
Plane  of  the  Bubbles*— ^Carefully  level  the  instrument  and 
bring  the  plane  of  the  sights  upon  a  suspended  plumb-line. 
If  this  seems  to  traverse  the  farther  sliti  then  that  sight  is  in 
adjustment.  Reverse  the  compass,  and  test  the  other  sight 
in  like  manner.  If  either  be  in  error,  its  base  must  be  re- 
shaped to  make  it  vertical 

25.  To  make  the  Diameter  through  the  Zero-gradua- 
tions lie  in  the  Plane  of  the  Sights. — This  should  be  done  by 
the  maker,  but  it  can  be  tested  by  stretching  two  fine  hairs 
vertically  in  the  centres  of  the  slits*  The  two  hairs  and  the 
two  zero-graduations  should  then  be  seen  to  lie  in  the  same 
plane.    The  declination-arc  must  be  set  to  read  zero. 
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26.  To  remagnetize  the  Needle. — Needles  sometimes  lose 

their  magnetic  properties.  They  must  then  be  remagnetized. 
To  do  this  take  a  simple  bar-magnet  and  rub  each  end  of  the 
needle,  from  centre  towards  the  ends,  with  the  end  of  the 
magnet  which  attracts  in  each  case.  In  returning  the  magnet 
for  the  next  stroke  lift  it  up  a  foot  or  so  to  remove  it  from 
the  immediate  magnetic  field,  otherwise  it  would  tend  to  nul- 
lify its  own  action.  The  needle  should  be  removed  from  the 
pivot  in  this  operation,  and  the  work  continued  until  it  shows 
due  activity  when  suspended.  An  apparently  sluggish  needle 
may  be  due  to  a  blunt  pivot.  If  so,  this  should  be  removed, 
and  ground  down  on  an  oil-stone. 

THE  VERNIER. 

27.  The  Vernier  is  an  auxiliary  scale  used  for  reading  frac- 
tional parts  of  the  divisions  on  the  main  graduated  scale  or  limb. 
If  we  wish  to  read  to  tenths  of  one  division  on  the  limb,  we 
make  10  divisions  on  the  vernier  correspond  to  either  9  or  II 
divisions  on  the  limb.  Tiien  each  division  on  the  vernier  is 
one  tenth  less  or  greater  than  a  division  on  the  limb.  If  we 
wish  to  read  to  twentieths  or  thirtieths  of  one  division  on  the 
'.imb,  there  must  be  twenty  or  thirty  divisions  on  the  vernier 
corresponding  to  one  more  or  less  on  the  limb. 

The  zero  of  the  vernier  saxle  marks  the  point  on  the  limb 
wliose  reading  is  desired,  ' 

Suppose  this  zero-point  corresponds  exactly  with  a  division 
on  the  limb.  The  reading  is  then  made  wholly  on  the  limb. 
If  a  division  on  the  vernier  is  less  than  a  division  on  the  limb, 
then,  by  moving  the  \ cvn\Qr  forzvard  a  trifle,  the  n^xt  forward 
division  on  the  vernier  corresponds  with  a  division  on  the  limb. 
(The  particular  division  on  the  limb  that  may  be  in  coincidence 
is  of  no  consequence.)  On  the  other  hand,  if  a  division  on  the 
vernier  \'> greater  than  a  division  on  the  limb,  then  by  moving 
the  vernier  forward  a  trifle,  the  next  backward  division  on  the 
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vernier  comes  into  coincidence.  Thus  we  have  two  kinds  of 
verniers,  called  direct  and  retrograde  according  as  they  are  read 
forward  or  backward  from  the  zero-point.  Most  verniers  in 
use  are  of  the  direct  kind,  but  those  commonly  found  on  sur- 
veyors' compasses  for  setting  off  the  declination  are  generally 
of  the  retrograde  order. 


In  Fig.  5  are  shown  two  direct  verniers,  such  as  are  used 
on  transits  with  double  graduations.  Tims  in  reading  to  the 
right  the  reading  is  138°  45',  but  in  reading  to  the  left  it  is  221^ 
15'.'  In  each  case  we  look  along  the  vernier  ///  the  direction  of 
the  graduation  for  the  coincident  lines. 


Fig.  6. 


In  Fig.  6  is  shown  a  special  form  of  retrograde  vernier  in 
which  the  same  set  of  graduation-lines  on  the  vernier  serve  for 
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either  right-  or  left-hand  angles.  Here  a  division  of  the  verniei 
is  larger  than  a  division  on  the  limb,  and  it  must  therefore  be 
read  backwards.  Thus,  we  see  that  the  zero  of  the  vernier 
is  to  the  left  of  the  zero  of  the  limb,  the  angle  being  30'  and 
something  more.  Starting  now  toward  the  right  (backwards) 
on  the  vernier  scale,  we  reach  the  end  or  15-minute  mark, 
without  finding  coincident  lines  ;  we  then  skip  to  the  left-hand 
side  of  the  vernier  scale  and  proceed  towards  the  right  again 
until  we  find  coincident  lines  at  the  twenty-sixth  mark.  The 
reading  is  therefore  30+26=  56  minutes.  This  is  the  form 
of  vernier  usually  found  on  surveyors'  compasses  for  setting 
off  the  declination.     We  have  therefore  the  following 

Rules. 

First,  To  find  the  "  smallest  reading'  of  t/ie  vernier,  divide 
the  value  of  a  division  on  the  li^nb  by  the  number  of  divisions  in 
the  vernier. 

Second.  Read  forward  along  the  limb  to  the  last  graduation 
preceding  the  zero  of  the  vernier ;  then  read  forward  along  tlu 
vernier  if  direct,  or  backward  if  retrograde,  until  coincident  lines 
are  found.  The  number  of  this  line  on  the  vernier  from  the  zero- 
graduation  is  the  number  of  ^^ smallest-reading*'  units  to  be 
added  to  the  reading  made  on  the  limb. 

These  rules  apply  to  all  verniers,  whether  linear  or  circular. 

THE  DECLINATION   OF  THE  NEEDLE. 

28   The  Declination*  of  the   Needle    is   the   horizontal 

angle  it  makes  with  the  true  meridian.  At  no  place  on  the 
earth  is  this  angle  a  constant.  The  chajige  in  this  angle  is 
called  the  variation  of  the  declination. 

29.  The  Daily  Variation  in  the  Declination  consists  in  a 

*  Formerly  called  variation  of  the  needle,  and  still  so  called  by  navigators 
and  by  many  surveyors. 
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swinging  of  the  needle  through  an  arc  of  about  eight  minutes 
daily,  the  north  end  having  its  extreme  easterly  variation  about 
8  A. M.  and  its  extreme  westerly  position  about  1.30  P.M.  It 
has  its  ffuan  or  true  declination  about  10.30  A.M.  and  8  P.M. 
It  varies  with  the  latitude  and  with  the  season,  but  the  follow- 
ing table  gives  a  fair  average  for  the  United  States.  A  more 
extended  table  may  be  found  in  the  Report  of  the  U.  S.  Coast 
and  Geodetic  Survey  for  1881,  Appendix  8. 

TABLE    OF    CORRECTIONS    TO    REDUCE    OBSERVED    BEARINGS 
TO  THE   DAILY   MEAN. 


HOKTH. 

bearing^ 

Subtract  from  N,Wh  and 

S.E.  beannea. 

Add  ta  N,W.  and  S.E.  bearing*. 
Sublrac;  from  N,E.  and  S.W.  bearing. 

6 

A.M. 

A,H. 

S 

A.M. 

A.M. 

A.M. 

ti 

A.M. 

0' 

I 
I 

tJ 

a' 

4 
3 

t 
P.M. 

3' 
5 
S 
J 

9 

3' 
5 
5 
3 

3 

f.M. 

4 

4 
4 

4 
I' 

3 
1 
t 

5 

t' 

3 
3 

D 

6 
I'M. 

I 
0 

January  ,..,,. 

April *,.  ► 

1' 
3 

4 
1 

4          + 

3 

4 

B 

l' 
I 
I 

t 

TqIv 

Oeiober, , 

' 

This  table  is  correct  to  the  nearest  minute  for  Philadelphia,  where  the  observations  were 

made. 


30.  The  Secular  Variation  of  the  magnetic  declination  is 
probably  of  a  periodic  character,  requiring  two  or  three  cen- 
turies to  complete  a  cycle.  The  most  extensive  set  of  obser- 
vations bearing  on  this  subject  have  been  made  at  Paris,  where 
records  of  the  magnetic  declination  have  been  kept  for  about 
three  and  a  half  centuries.  The  secular  variation  for  Paris  is 
shown  in  Fig.  7,  and  that  for  Baltimore,  Md.,  in  Fig.  8.* 

Whether  or  not  either  of  these  curves  will  return  in  time  to 
the  same  extreme  limits  here  given  is  unknown,  as  is  also  the 
cause  of  thes'e  remarkable  changes.  The  extraordinary  varia- 
tion  in    the  declination    at   Paris  of   some  32°,  and   that   at 


•These  taken  from  the  Coast  Survey  Report  of  1882. 


Jt2 


suRyEvma. 


d 


Baltimore  of  some  5*",  show  the  necessity  of  paying  careful 
attention  to  this  matter.     No  reliance  should  be  placed  on 
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Fig,  8. 


old  determinations  of  the  declination  unless  the  rate  af  ckan^ 
be  known,  and  even  then  this  rate  is  not  likely  to  be  constant 
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a  great  many  years.  They  also  show  the  necessity  of  record- 
ing the  date  and  the  declination  of  the  needle  on  all  plats  and 
records  of  surveys,  with  a  note  stating  whether  the  bearings 
given  were  the  true  or  magnetic  bearings  at  the  time  they 
were  taken. 

31.  Isogonic  Lines  are  imaginary  lines  on  the  earth's  sur 
face  joining  points  whose  declinations  are  equal  at  any  given 
time.  The  isogonic  line  joining  points  having  no  declination 
is  called  the  agonic  line.  There  is  such  a  line  crossing  the 
United  States  passing  just  east  of  Charleston,  S.  C,  and  just 
west  of  Detroit,  Mich.  All  points  east  of  this  line  have  a 
western  declination,  and  all  points  west  of  it  have  an  eastern 
declination.  The  isogonic  lines  for  19CX)  for  the  whole  of 
the  United  States  are  shown  on  Plate  I.*  It  will  be  noted 
that  where  the  observations  are  most  thickly  distributed, 
as  in  Missouri  for  instance,  there  the  isogonic  lines  are  most 
crooked :  showing  that  if  the  declinations  were  accurately 
known  for  all  points  of  this  map  the  isogonic  lines  would  be 
much  more  irregular,  and  would  be  changed  very  much  in 
position  in  many  places. 

The  isogonic  lines  given  on  this  chart  are  all  moving  west- 
ward, so  that  all  western  declinations  are  increasing  and  all 
eastern  declinations  are  decreasing.  They  are  not  all  moving  at 
the  same  rate,  however,  those  in  New  Brunswick  and  also  those 
near  the  eastern  boundaries  of  California  and  Orc^^on  being 
about  stationary.  For  many  points  in  the  United  States  and 
Canada  the  rate  of  change  in  the  declination  has  been  observed, 
and  formulae  determined  for  computing  the  declination  for  each 
point,  which  formulae  will  probably  remain  good  for  the  next 
twenty  years.  The  following  tables  t  give  this  information.  In 
these  tables  /  is  the  time  in  calendar  years.  Thus  for  July  i, 
1885.  /=  1885.5.     In  the  first  tabic  all  the  formuL-e  have  been  re- 


*  Reduced  from  th?  U.  S.  Coa>t  and  (ieoiietic  Survey  Charts, 
t  Taken  from  the  U.  S.  C.  and  G.  Survey  Report  for  i»86. 
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SURVEYING. 


ferred  to  one  date — Jan.  I,  1850.  Here  m  is  used  to  represe 
the  time  in  years  after  1850,  or  «r=  /  —  1850.  Thus,  for  July 
1885,  ;«  =  35.5. 

It  will  be  seen  that  the  change  in  the  declination  over  t 
Northern  States  will  average  about  one  minute  to  the  mile  in 
east  and  west  direction.     A  value  of  the  declination  found 
one  end  of  a  county  may  be  somt  forty  minutes  in  error  in  t 
other  end  of  the  same  county.     This  shows  that  the  declir 
tion  must  be  known  for  the  exact  locality  of.  the  survey, 
fact,  the  surveyor  can  never  be  sure  of  his  declination  until 
has  observed  it  for  himself  for  the  given  time  and  place.     Tl 
is  best  done  by  means  of  a  transit  instrument,  and  such 
method  is  given  in  the  chapter  on  Geodetic  Surveying, 
however,  no  transit  is  at  hand,  a  result  sufficiently  accurate  f 
compass  surveying  may  be  obtained  by  the  compass  itself. 
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SURVEYING. 


I.   EASTERN  GROUP. 


LOCALITY, 


ANNUAL  CHA 


laee 


St.  John's,  Newfoundland — 

Quebec,  Canada ,..*-, 

Charlottetown,  Prince  Edward  Island. 
MotitreaL  Canada. »,,,.....,..    ,... . 

Eastpori,  Me. ..,*.,    * 

Bangor,   Me . 

Ha]]b\,  Nova  Scotk,  *..-»*-.»  . . . , . 

B\i  rlington .  Vt. , , , ,,..,. 

Hanover,  N.  H  ..**,*-♦.*..*,,,*... . 

Portknd,  Me . - 

Rutland.  Vt 

Fortstnonth,  N,  H*  * .  - , , , ,   . , . , , 

Chesierfield,  N,  M   

Ncwburyport,  Ma^s. , 

Williamstown,  Ma$s ....,.,,......., 

Albany,  N.  Y , 

Salem,  il  ass  ..,.,...,,.„,,,,,,,-    .  * 

Oxford,N.  Y,., , ., 

Cambridge,  Mass , .  .  * »,.... 

Boston,  Stass .*.,.....*.*.,...*. 

Provincetown,  Mass . , *    , , . , . 

Fravidcnce.  R,  !..»-*.,,, * 

Hartford^  Con n  ...*...,.*,..*..*.,.  * 

New  HavL'ii,  Conn *..,.,    . 

Nantucket,  Mass. . . , * , * 

Cold  Spring  Harbor,  N-  Y 

New  York  City,  N.  Y * 

Bethlehem.  Pa   

Huntingdon,  Pa  . , . . .,.   . 

Kew  tJrmis^i'cki  N.  J ....,..., 

Jami^sbiire^  N.  V. ,  . , . 

Harrisbur^,  Pa »...»,.,.,.   ,,-*., 

Hatboro,  Pa 

Philadelphia    Pa  *...,..*.,, , , » , . 

Chamberi^burg.  Pa . 

WcsL  Ctetk,  Little  Egg  ?rarbor»  N.  J.. 

BaUimnLe,   Md   ...  * 

Cape  May,  X.  Y ..,..*...*...,...** . 

Washington.  U.  C - , 

Cape  HenJopen,  Del. . .  *  ^ . . .    . ... 

Williami^burj^,  Ya ,,.,»., 

Cape   1 1  en  ry*  Va  ...*....,* , . 

Newbern ,  N.  C ..,.,,,..,,«,.», 

MilledEeville.  N.  C 

Charleston,    S*  Ch  , ,.».,»..., 

Jiavannah,  (ja. ..,»..... 

Fernanrlina,   Fla .  ............  ^ .,..,  * 
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3  4 
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3.0 
3-0 
3'J 
1.8 
2.3 
3  8 
4'0 
3  f) 
l.ti 

3-3 
2.0 

3*3 
4-4 
4,3 
2.9 
3*0 
2.H 
37 
3-7 

3.2 

2.3 

3-7 
25 

3  7 
3-9 
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II.   CENTRAL  GROUP. 


xjocALmr. 

ANNUAL 

1 

CHANGE  IX 

1895 

,          1900 

^  ori  Fanorv   Briti>li  North  Amexiau 

[2.2 
6.1 

1.9 

4.1 
4-2 
4  4 

-r 

135 
6.7 
2-3 
4.0 

5-7 

3-7 

For.  Alijari'  British  North  America 

Dtld.  MniL 

Sich  ar  Sii:   Marie.  Mich 

PiCTEpon:  M^Do.'-.  N.  Y 

Tomn::.       sinaf*,il                         , , 

.  .  .  .               -r 
,  .  .  .               -^ 

Granc  Hyvfr.    Mirh 

MilraEJtct:.  Wif 
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HI.   WESTERN   GROUP. 


ANNUAL  CHANGE  IN 


LOCALITY. 


Chamisso  Island,  Alaska 

Port  Clarence,  Alaska 

Port  Etches,  Constantine  Harbor.  Alaska. 

Port  Mulgrave,  Vakuiat  Hay,  Alaska 

Saint  Paul,  Kadiak  Island,  Alaska 

Sitka,  Alaska 

Iliuliuk,  Unalaska  Island,  Alaska 

Petropaulovsk,  Kamchatka 

Nootka,  Vancouver  Island 

Cape  Flattery  and  Neah  Bay,  Wash 

Port  Townscnd,  Wash 

Seattle.  Wash 

Olympia,  Wash 

Cape  Disappointment,  Wash 

Wallawalla,  Wash 

Vancouver,  Wash 

Portland,  Oiegon 

Salt  Lake  Ciiy.  Utah 

Cape  Mendocmo,  Cal 

San  Francisco,  Cal 

Monterey,  Cal 

Santa  Barbara.  Cal 

San  Diego,  Cal 

El  Paso,  Texas   

Cerros  Island.  Lower  Cal..  M  ^xico 

Ascension  Island,  Lower  Ca.  ,  Mexico  — 

Mag.]alena  Hay,  Lower  Cal.,  Mexic<    

San  Lucas.  Lower  Cal.,  Mexico 

San  Bias,  Mexico    

Mexico  City.  M'^xic "     

Vera  Cruz.  Mlv.        V    

Acapulco,  Moxicv         


1895 

1900 

+  6.9 

+  5  ? 

+  3? 

0  ? 

* 



+  4  ? 
—  2  ? 

+  3  0 
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31 

+  2.9 

+ 

27 

—  0  2 

0.0 

-  0,7 

— 

0.3 

-  0.4 

— 

O.I 

0.0 

+ 

0.2 

-    I.O 

— 

0.7 

-  I.I 

— 

0.7 

+  1.7 
+  0.2 

+ 

0.7 

-0.9 

— 

0.3 

+  21 

+ 

2.7 

+  0.6 

-  0.1 

+ 

O.I 

-  0.3 

0.0 

+  I.I 

+ 

1-5 

+  1.3 

+ 

1.6 

+  2.7 

+ 

3.1 

+  2.5 

+ 

2.9 

+  1.4 

-1- 

1-7 

+  I  9 

+ 

2.2 

f  2.1 

+ 

2  5 

+  3.6 

-h  3  9 

+  2  5 

-r 

2.7 

+  4-3 
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4-4 

+  3-5 

+  3.8 

rUSTMENT,   USE,   AND   CARE  OF  INSTRUMENTS.     29 

)ther  Variations  of  the  Declination. — In  addition 
daily  and  secular  changes  in  the  declination,  there  are 
irorthy  of  mention. 

annual  variation  is  very  small,  being  only  about  a  half- 
of  arc  from  the  mean  position  for  the  year.  It  may 
e  be  neglected. 

lunar  inequalities  are  still  smaller,  being  only  about  fif- 
onds  of  arc  from  the  mean  position. 
netic  disturbances  are  due  to  what  are  called  magnetic 
They  may  occur  at  any  time,  and  cannot  be  predicted, 
ay  last  a  few  hours,  or  even  several  days.  *'  The  fol- 
able  of  the  observed  disturbances,  in  a  bi-hourly  series, 
delphia,  in  the  years  1840  to  1845,  will  ^ive  an  idea  of 
ative  frequency  and  magnitude : 


Deviations  from  nor- 
mal direction. 

Number  01  • ' 
disturban^  ^s. 

3'. 6  to  10'. 8 

2189 

10'. 8  to  18'. I 

147 

18'. I  to  25'. 3 

18 

25'. 3  to  32'. 6 

3 

Beyond 

0 

Madison,  Wis.,  where  the  horizontal  magnetic  intensity 
derably  less,  very  much  larger  deflections  have  been 
Thus,  on  October  12,  1877,  o"^  of  48'.  and  on  May 
',  one  of  1°  24',  were  observed."  ^  .ji-i 

geometric  axis  of  a  needle  may  not  coin  Mcffe  with  its 
^'  axis,  and  hence  the  readings  of  two  instruments  at 
c  station  may  differ  slightly  when  both  are  in  adjust- 
In  this  case  the  declination  should  be  found  for  each 
ent  independently. 
To    Find    the   Declination    of    the    Needle.— The 
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method  here  given  is  by  means  of  the  compass  and  a  plumb* 
line,  and  is  sufficiently  accurate  for  compass-work.  The  com- 
pass-sights are  brought  into  line  with  the  plumb-line  and  the 
pole-star  (Polaris),  when  this  is  at  either  eastern  or  western 
elongation.  This  star  appears  to  revolve  in  an  orbit  of  i**  i8' 
radius.  Its  upper  and  lower  positions  are  called  its  upper  and 
lower  culminations,  and  its  extreme  east  and  west  positions  are 
called  its  eastern  and  western  elongations,  respectively.  When 
it  is  at  elongation  it  ceases  to  have  a  lateral  component  of 
motion,  and  moves  vertically  upward  at  eastern  and  downward 
at  western  elongation.  If  the  star  be  observed  at  elongation, 
therefore,  the  observer's  watch  may  be  as  much  as  ten  or 
fifteen  minutes  in  error,  without  its  making  any  appreciable 
error  in  the  result.  The  method  of  making  the  observation  is 
as  follows : 

Suspend  a  fine  plumb-line,  such  as  an  ordinary  fishing-line, 
by  a  heavy  weight  swinging  freely  in  a  vessel  of  water.  The 
line  should  be  suspended  from  a  rigid  point  some  fifteen  or 
twenty  feet  from  the  ground.  Care  must  be  taken  to  see  that 
the  line  does  not  stretch  so  as  to  allow  the  weight  to  touch  the 
bottom  of  the  vessel.  Just  south  of  this  line  set  two  stakes  in 
the  ground  in  an  east  and  west  direction,  leaving  their  tops  at 
an  elevation  of  four  or  five  feet.  Nail  to  these  stakes  a  board 
on  which  the  compass  is  to  rest.  The  top  of  this  board  should 
be  smooth  and  level.  This  compass-support  should  be  as  far 
south  of  the  plumb-line  as  possible,  to  enable  the  pole-star  to 
be  seen  below  the  line-support.  A  sort  of  wooden  box  may 
be  provided,  in  which  the  compass  is  rigidly  fitted  and  levelled. 
Several  hundred  feet  of  nearly  level  ground  should  be  open  to 
the  northward,  for  setting  the  azimuth-stake.  Prepare  two 
stakes,  tacks,  and  lanterns.  Find  from  the  tablegiven  on  page 
32  the  time  of  elongation  of  the  star.  About  twenty  minutes 
before  this  time,  set  the  compass  upon  the  board,  bringing  both 
sights  in  the  plane  defined  by  the  plumb-line  and  star.     The 
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line  must  be  illuminated.  The  star  will  be  found  to  move 
slowly  east  or  west,  according  as  it  is  approaching  its  eastern 
or  western  elongation.  When  it  ceases  to  move  laterally,  the 
compass  is  carefully  levelled,  the  rear  compass-sight  brought 
into  the  plane  of  the  line  and  star,  and  then  the"  forward  com- 
pass-sight made  to  coincide  with  the  rear  sight  and  plumb-line. 
(If  the  forward  sight  were  tall  enough,  we  could  at  once  bring 
both  slits  into  coincidence  with  line  and  star.)  Continue  to  ex- 
amine rear  sight,  line,  and  star,  and  rear  sight,  forward  sight, 
and  line  alternately,  until  all  are  found  to  be  in  perfect  coinci- 
dence, the  instrument  still  being  level.  If  this  is  completed 
within  fifteen  minutes  of  the  true  local  time  of  elongation,  the 
observation  may  be  considered  good  ;  and  if  it  is  completed 
within  thirty  minutes  of  the  time  of  elongation,  the  resulting 
error  in  azimuth  will  be  less  than  one  minute  of  arc.  Having 
completed  these  observations,  remove  the  plumb-line  and  set  a 
stake  in  the  line  of  sight  as  given  by  the  compass,  several  hun- 
dred feet  away.  In  the  top  of  this  stake  a  tack  is  to  be  set 
exactly  on  line.  For  setting  this  tack,  a  board  may  be  used, 
having  a  vertical  slit  about  \  inch  wide,  covered  with  white 
cloth  or  paper,  behind  which  a  lamp  is  held.  This  slit  can 
then  be  accurately  aligned  and  the  tack  set.  A  small  stake 
with  tack  is  iibw  set  just  under  the  compass  (or  plumb-line), 
and  the  work  is  complete  for  the  night.  Great  care  must  be 
taken  not  to  disturb  the  compass  after  its  final  setting  on  the  line 
and  star. 

At  about  ten  o'clock  on  the  following  day,  mount  the  com- 
pass over  the  south  stake.  From  the  north  stake  lay  off  a  line 
at  right  angles  to  the  line  joining  the  two  stakes  (by  compass, 
optical  square,  or  otherwise)  towards  the  west  if  eastern 
elongation,  or  towards  the  east  if  western  elongation  had  been 
observed.  Carefully  measure  the  distance  between  the  two 
stakes  by  some  standardized  unit.  From  the  table  of  azimuths 
on  page  33  Pnd  the  azimuth  of  the   star  at  elongation  for  the 
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given  time  and  latitude.  Multiply  the  tangent  of  this  angle 
by  the  measured  distances  between  the  stakes,  and  care- 
fully lay  it  off  from  the  north  tack,  setting  a  stake  and  tack. 
This  is  now  in  the  meridian  with  the  south  point.  With  the 
compass  in  good  adjustment,  especially  as  to  the  bubbles  and 
the  vcrticality  of  the  sights,  the  observation  for  declination 
may  now  be  made.  If  this  be  done  at  about  10.30  A.M.,  it 
will  give  the  mean  daily  declination.  Many  readings  should 
be  made,  allowing  the  needle  to  settle  independently  each  time. 
The  fractional  part  of  a  division  on  the  graduated  limb  should 
be  read  by  the  declination-vermer,  thus  enabli*ig  the  needle  to 
be  set  exactly  at  a  graduation-mark.  If  all  parts  of  this  work 
be  well  done,  it  will  give  the  declination  as  accurately  as  the 
flag  can  be  set  by  means  of  the  open  sights. 
MEAN  LOCAL  TIME  OF  THE  ELONGATIONS  OF  POLARIS. 
[This  table  answers  directly  for  the  year  1901  and  for  latitude  40**.] 
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1 

.    C 

1  c 

Date. 

g-2          Time. 

1    Date. 

1 

at 

Time. 

Date. 

c  c 

Time. 

h      m 

h      m 

Ii     m 

Jan.   1 

W.i   12  34.8  A.M. 

.May  I 

E. 

4  48.1  A.M. 

Sept.  I 

E. 

846.4  P.M.! 

"    15 

••       II  39.6  P.M. 

1     "   15 

*• 

3  52.9     •• 

"   15 

*• 

751.2     •• 

Feb.  I 

"       1032.4      " 

iJune  I 

<« 

2  46.7      •* 

Oct.  I 

•• 

*0  48.7     •• 

*•   15   ••   !    937.2     •' 

!    -  15-  - 

I  51.5      " 

••  15 

W. 

*5  43  5  A.M. 

Mar.  I    *'   1    8  41.9     " 

July   I 

(( 

12  49.2       *• 

Nov.  I 

•* 

436.7     " 

"   15    "  1    746.7     *• 

1     '*   15 

'* 

II  54.0  P.M. 

••  15 

** 

341.5     " 

Apr.  I   •'   '*6  39.8     '• 

:Aug.  I 

** 

1047.8      '• 

Dec.  I 

<( 

238.6    " 

"  15 

E.  1*5  44.6  A.M. 

1    -.5 

952.6      •' 

"   15 

i( 

143.4    •* 

♦  Probably  not  visible  to  the  naked  eye. 

For  the  years  following  1901,  to   1911,  add  the  following 
to  the  times  of  elongation  given  in  the  above  table : 


-f  iM 


J903 

1904 

-f  l"'.6 

1906     1      1907 

1908 

1909 

1910 

r9Xi 

4-2-". 8 

+  O-.3 

-f  3"'.o  +4™.3 

-4-5".7* 
-fi'".7 

3-.0 

4«.4 

5-.8 

♦  The  upper  number  before  M;irch  i,  and  the  lower  (»ne  after  March  i. 
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If  the  elongation  of  Polaris  does  not  come  at  a  suitable 
time  for  observing  for  declination,  the  upper  culmination,  which 
occurs  5**  54'".6  after  the  eastern,  or  the  lower  culmination, 
6**  03™.4  after  the  western  elongation,  may  be  chosen.  The 
objection  to  this  is  that  the  star  is  then  moving  at  its  most 
rapid  rate  in  azimuth.  It  is  so  near  the  pole,  however,  that  if 
the  observation  can  be  obtained  within  two  minutes  of  the 
time  of  its  culmination  the  resulting  error  will  be  less  than  l' 
of  arc.  This  will  then  give  the  true  meridian  without  having 
to  make  offsets.* 

It  must  be  remembered  that  the  time  of  elongation  given 
in  the  table  is  the  local  time  at  the  place  of  observation.  In- 
asmuch as  hourly  meridian  time  is  now  carried  at  most  points 
in  this  country  to  the  complete  exclusion  of  local  time,  it  will 
be  necessary  to  find  the  local  time  from  the  known  meridian  or 
watch  time.  Thus,  all  points  in  the  United  States  east  of  Pitts- 
burgh use  the  fifth-hour  meridian  time  (75°  w.  of  Greenwich); 
from  Pittsburgh  to  Denver,  the  sixth-hour  meridian  time  (90^ 
w.  of  Greenwich),  etc.  To  find  local  time,  therefore,  the  longi- 
tude east  or  west  of  the  given  meridian  must  be  found.  This 
can  be  determined  with  sufficient  accuracy  from  a  map.  Thus, 
if  the  longitude  of  the  place  is  80°  w.  from  Greenwich,  it  is 
5^  w.  of  the  fifth-hour  meridian,  or  local  time  is  twenty  min- 
utes slower  than  meridian  time  at  that  place  If  meridian  time 
is  used  at  such  a  place,  the  elongation  will  occur  twenty  min- 
utes later  than  ^iven  by  the  table.  If  the  longitude  from 
Washington  is  given  on  the  map  consulted,  add  it  to  'j'j^  if 
west  of  Washington,  and  subtract  it  from  T*]^  if  east  of  Wash- 
ington,  to  get  longitude  from  Greenwich. 

USE   OF   THE    NEEDLE-COMPASS. 

34.  The  Use  of  the  Needle-compass  is  confined  almost 

*  F(»r  lindin^  a/imiith  from  iN.laris  at  any  hour  see  Art.  381^7,  p.  539.  In  1S93 
Polaris  was  in  llic  meridian,  when  ii  and  ^  l.'rsx'  Majoris  or  Mizar(the  middle  one  of 
the  three  stars  in  the  tail  of  the  (iioat  I5^*ar!  romc  into  the  same  vertical  line.  For 
following  years  allow  a  lapse  nf  o'Vj'  pjr  vcar,  after  coming  into  such  vertical  line, 
for  Polaris  to  come  to  the  m.ri  li  in  —  ./.y.  /,  C  S    C.  and  G.  Swvey  Report,  189I. 
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exclusively  to  land-surv^eying,  where  an  error  of  one  in  three 
hundred  could  be  allowed.  As  the  land  enhances  in  value, 
however,  there  is  an  increasing  demand  for  more  accurate 
means  of  determining  areas  than  the  compass  and  chain  afford. 
The  original  U.  S.  land-surveys  were  all  made  with  the  needle,  or 
with  the  solar,  compass  and  Gunter's  chain.  Hence  all  land 
boundaries  in  this  country  have  their  directions  given  in  com- 
pass bearings,  and  their  lengths  in  chains  of  sixty-six  feet  each. 
The  compass  is  used,  therefore, — 

1.  To  establish  a  line  of  a  given  bearing. 

2.  To  determine  the  bearing  of  an  established  line. 

3.  To  retrace  old  lines. 

If  the  true  bearing  is  to  be  used,  the  declination  of  the 
needle  from  the  meridian  must  be  determined  and  set  off  by 
the  vernier. 

If  the  magnetic  bearing  is  used,  the  declination  of  the 
needle  at  the  time  the  survey  was  made  should  be  recorded 
on  the  plat. 

If  old  lines  are  to  be  retraced,  ihe  declinations  at  the  times 
of  both  surveys  must  be  known. 

The  needle  should  be  read  to  the  nearest  five  minutes. 
This  requires  reading  to  sixths  of  the  half-degree  spaces,  but 
this  can  be  done  with  a  little  practice. 

Always  lift  the  needle  from  the  pivot  before  i/wiung  the  in- 
strument. 

If  the  needle  is  sluggish  in  its  movements  and  settles  quickly 
it  has  either  lost  its  magnetic  force  or  it  has  a  blunt  pivot.  In 
either  case  it  is  likely  to  settle  considerably  out  of  its  true  posi- 
tion. The  longer  a  needle  is  in  settling  the  more  accurate  will 
be  its  final  position.  It  can  be  quickly  brought  very  near  its 
true  position  by  checking  its  motion  by  means  of  the  lifting 
screw.     In  its  final  settlement,  however,  it  must  be  left  free. 

Careful  attention  to  the  instrumental  adjustments,  to  local 
disturbances,  and  close  rcadinc^  of  the  needle  are  all  essential 
to  jrood  results  with  the  coirixiss. 
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35.  To  set  off  the  Declination,  we  have  only  to  remem- 
ber  that  the  declination  arc  is  attached  to  the  line  of  sight  and 
that  the  vernier  is  attached  to  the  graduated  circle.  If  the 
declination  is  west,  then  when  the  line  of  sight  is  north  the 
north  end  of  the  needle  points  to  the  left  of  the  zero  of  the 
graduated  circle.  In  order  that  it  may  read  zero,  or  north,  the 
circle  must  be  moved  towards  the  left,  or  opposite  to  the  hands 
of  a  watch.  On  the  other  hand,  if  the  declination  is  east,  the 
circle  to  which  the  vernier  is  attached  should  be  moved  with 
the  hands  of  a  watch.  This  at  once  enables  the  observer  to 
set  the  vernier  so  that  the  needle- readings  will  be  the  true 
bearings  of  the  line  of  sight. 

36.  Local  Attractions  may  disturb  the  needle  by  large  or 
small  amounts,  and  these  often  come  from  unknown  causes. 
The  observer  should  have  them  constantly  in  mind,  and  keep  all 
iron  bodies  at  a  distance  from  the  instrument  when  the  needle 
is  being  read.  The  glass  cover  may  become  electrified  from 
friction,  and  attract  the  needle.  This  can  be  discharged  by 
touching  it  with  a  wet  finger,  or  by  breathing  upon  it.  Read- 
ing-glasses should  not  have  gutta-percha  frames,  as  these  be- 
come highly  electrified  by  wiping  the  lens,  and  will  attract  the 
needle.  Such  glasses  should  have  brass  or  German-silver 
frames.  No  nickel  coverings  or  ornaments  should  be  near,  as 
this  metal  has  magnetic  properties.  A  steel  band  in  a  hat- 
brim,  or  buttons  containing  iron,  have  been  known  to  cause 
great  disturbance.  In  cities  and  towns  it  is  practically  impos* 
sible  to  get  away  from  the  influence  of  some  local  attraction, 
such  as  iron  or  gas  pipes  in  the  ground,  iron  lamp-posts,  fences, 
building-fronts,  etc.  For  this  reason  the  needle  should  never 
be  used  in  such  places. 

In  many  regions,  also,  there  are  large  magnetic  iron-ore  de- 
posits in  the  ground,  which  give  special  values  for  the  declina- 
tion at  each  consecutive  station  occupied.  It  is  practically 
impossible  to  use  magnetic  bearings  in  such  localities. 

The  test  for  local  attraction  in  the  field-work  is  to  read  the 
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bearing  of  every  line  from  both  ends  of  it.  If  these  are  not 
the  same,  and  no  error  has  been  made,  there  is  some  local  dis- 
turbance at  one  station  not  found  at  the  othen  If  there  is 
known  to  be  mineral  deposits  m  the  region  it  may  perhaps  be 
laid  to  that.  If  not,  the  preceding  station  should  be  occupied 
agafnp  and  the  cause  of  the  discrepancy  inquired  into.  If  the 
forward  and  reverse  bearings  of  all  lines  agree  except  the  bear- 
ings taken  from  a  single  station,  then  it  may  be  assumed  there 
is  local  attraction  at  that  station, 

ELIMINATION   OF  LOCAL  ATTRACTIONS, 

37,  To  establish  a  Line  of  a  Given  Bearing,  set  the  co 
pass  up  at  a  point  on  the  line,  turn  off  the  declination  on  the 
declination-arc,  and  bring  the  north  end  of  the  needle  to  the 
given  bearing*  The  line  of  sight  now  coincides  with  the  re- 
quired line,  and  other  points  can  be  set, 

38*  To  find  the  True  Bearing  of  a  Line,  set  the  compass 
up  on  the  line,  turn  off  the  declination  by  the  vernier,  bring 
the  line  of  sight  to  coincide  with  the  line  with  the  south  part  of 
the  graduated  circle  towards  the  observer,  and  read  the  north 
end  of  the  needle.     This  gives  the  forward  bearing  of  the  line, 

39,  To  retrace  an  Old  Line,  set  the  compass  over  one 
well-determined  point  in  the  line  and  turn  the  line  of  sight 
upon  another  such  point.  Read  the  north  end  of  the  needle. 
If  this  reading  is  not  the  bearing  as  given  for  the  line,  move 
the  vernier  until  the  north  end  of  the  needle  comes  to  the 
given  bearing,  when  the  sights  are  on  line.  The  reading  of 
the  declination-arc  w  ill  now  give  the  declination  to  be  used  in 
retracing  all  the  other  lines  of  the  same  survey.  If  a  second 
welWetermined  point  cannot  be  seen  from  the  instrument-sta- 
tion, a  trial'line  will  have  to  be  run  on  an  assumed  value  for 
the  declination,  and  then  the  value  of  the  declination  used  on 
the  first  survey  computed.  Thus,  if  the  trial-line,  of  length/, 
conies  out  a  distance  x  to  the  rigiU  of  the  known  point  on 
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the  line,  the  vernier  is  to  be  moved  in  ike  direction  of  the  hands 

of  a  watch  an  angular  amount  whose  tangent  is  y      If  th^H 

trial-line  comes  out  to  the  left  of  the  point,  move  the  vernier 

in  a  direction  opposite  to  the  hands  of  a  watch. 


PRISMATIC  COMPASS. 


J 


40.  The  Prismatic  Compass  is  a  hand-instrument  pro- 
vided with  a  glass  prism  so  adjusted  that  the  needle  can  be 
read  while  taking  the  sight.  A  convenient  form  is  shown  m 
Fig.  9,  which  is  carried  in  the  pocket  as  a  watch.     The  line  of 


sight  is  established  by  means  of  the  etched  line  on  the  glass 
cover  S.  It  is  used  in  prcHminar\^  and  rcconnoissance  work,  in 
clearing  out  lines,  etc.  1 

EXERCISES  FOR  COMPASS  ALONE  OR  FOR  COMPASS  AND  CHAIH 

41,   Run  qui  a  Imc  of  about  a  iinle  in  lenglh,  m\  somewhat  uneven  ^outiM 
establishing  several  stations  upon  lu  using  a  constant  compass-bearing.     Then 
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fun  back  hy  iki  mftrst  bcann^t  ftnd  nnt  e  Imw  nearly  the  points  coincide  with  ih« 
fonmer  ones.     The  chain  need  not  be  y^cd* 

43*  Select  some  h^U  dozen  poin;^  ihat  enclose  an  area  of  ahi^ui  Forty  acres 
(o(ie  quarter  mile  square)  on  uneven  ground.  Let  one  party  make  ti  compass* 
and-chain  survey  of  it,  obtaitiing  bearing  and  length  of  each  side.  Then  let 
other  parties  take  these  field  noies  and,  all  starting;  from  a  comnn>n  ptMnl,  run 
aui  ik€  itttis  <iJ  gitfifi  hy  ihf  /eld  Hoie%^  scttinj*  other  stakes  at  all  the  re  [gaining 
corners,  each  party  leaving  special  mArks  on  their  own  5iakes.  Let  each  party 
plot  their  own  syrvey  aod  compare  errors  of  closure, 

43.  Select  five  points,  three  of  which  are  free  from  local  attraction,  while  two 
consecutive  ones  arc  known  ro  be  suhject  to  such  disiurbsncc.     Make  the  sur- 
vey, Ending  length  and  forward  a  net  reverse  bearings  of  every  side,     D  ete  rift  i  tie 
wkai  the  true  beanng  of  each  course  is,  and  plot  10  obtain  iho  error  of  cloiure. 
Let  a  number  of  parties  observe  for  the  declinatitm  of  the  needle,  using 
common  pomt  of  sop  port  for  the  pluml>-linc.     Let  each  party  set  an   ind^ 

dent  ineritlian  stake  in  line  with  the  common  point.  Note  ihc  fllstaoc^  o| 
each  stake  /a'w;  t^t  mt^iu  ^fifn'tt^  and  compute  the  correspandiiiK  angular  dls- 
crepandes.  (SUrch  and  Scpteml>er  are  favorabk  months  for  nuiking  th«sc 
observations,  for  then  Polaris  comes  lo  clongauon  in  the  e«rly  evening.) 

The  above  problems  are  :n tended  to  impress  upon  the  !*'udent  the  relative 
errm^  to  which  hla  work  i&  subject. 

THE  SOLAR  COMPASS- 

45*  The  Burt  Solar  Compass  essentially  consists  first,  of 
a  polar  axb  rigidly  attached  in  the  same  vertical  plane  with  a 
terrestrial  line  of  sight,  the  whole  turning  about  a  vertical  axis. 
When  this  plane  coincitles  with  the  meridian  plane,  the  polar 
axis  is  parallel  with  the  axis  of  the  earth,  Second,  attached  fl 
to  the  polar  axis,  and  revolving  about  it,  is  a  line  of  colltmation 
making  an  angle  with  the  polar  axis  equal  to  the  angular  dis- 
tance of  the  sun  for  the  given  day  and  hour  from  tlie  pole,  ■ 
This  latter  angle  is  90^  plus  or  minus  the  sun's  'declination, 
according  as  the  sun  is  south  or  north  of  the  equator.  The 
polar  axis  must  therefore  make  an  angle  with  the  horizon 
tqual  to  the  latitude  of  the  place,  and  the  line  of  colltmation 
must  deviate  from  a  perpendicular  to  this  axis  by  an  angular 
amount  equal  to.  and  in  the  direction  of,  the  sun's  declination. 
With  these  angles  properly  set,  and   the  line  of  colltmation 
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turned  upon  the  sun,  the  vertical  plane  through  the  terrestrial 
line  of  sight,  and  the  polar  sucis  must  lie  in  the  meridian,  fi 


otherwise  any  motion  of  the  hne  of  collimation  about  its  a3« 

would  not  bring  it  upon  the  sun. 

In  Fig.  10  is  shown  a  cut  of  this  instrument  as  manuls 
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tured  by  Young  &  Sons,  Philadelphia.  The  polar  axis  is  shown 
at/,  and  the  terrestrial  line  of  sight  is  defined  by  the  slits  in 
the  vertical  sights,  the  same  as  in  the  needle-compass.  The 
tine  of  colitmation  is  defined  by  a  lens  at  the  upper  end  of  the 
arm  a,  and  a  silver  plate  at  the  lower  end,  containing  gradua- 
tions with  which  the  image  of  the  sun,  as  formed  by  the  lensj 
is  made  to  coincide.  The  polar  axis  is  given  the  proper  incli- 
aatfon  by  means  of  the  latitude-arc  i,  and  the  line  of  collima- 
tioii  is  inclined  from  a  perpendicular  to  this  axis  by  an  amount 
cqnai  to  the  sun's  declination  by  means  of  the  declination-arc 
d.  When  these  arcs  are  properly  set,  the  arm  a  is  revolved 
about  the  polar  axis,  and  the  whole  instrument  about  its  verti- 
cal  axis,  until  the  image  of  the  sun  is  properly  fixed  on  the 
lines  of  the  silver  plate,  when  the  terrestrial  line  of  sight,  as 
defined  by  the  vertical  sHts^  lies  in  the  true  meridian.  Any 
desired  bearing  may  now  be  turned  off  by  means  of  the  hofi- 
xoQtal  circle  and  vernier,  shown  at  i\  The  accuracy  wWi 
which  the  meridian  is  obtained  with  this  instrument 
on  the  time  of  day,  and  on  the  accuracy  with  which  t3m 
tude-and  declination^angles  are  set  off.  It  is 
tend  carefully,  therefore,  to  the 


ADJUSTMENTS  OF  THE  SOLAR  COMF. 

46.  To  make  the  Plane  of  the  Bubbles 
the  Vertical  Axis,— This  is  done  by  revi 

cal  axis,  the  same  as  with  the  needle-compafc 

47.  To  adjust  the  Lines  rrf  rnllimtriM     ' 
arm  a  has  two  lines  of  collimation  thai 
lel   As  it  is  sho%vn  in  the  figure,  it  it 
lion.    This  is  the  position  it  will 
March  20*     When  the  sun  haa  a 
iMarch  20  to  Sept.  20,  the  d» 
about  the  polar  axis»  and  a  lioeif 
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a  lens  and  a  grattuatcd  disk  on  opposite  ends  from  those  pre 
viously  used.     Each  end  of  this  arm,  therefore,  has  both  a  ler 
and  a  disk,  each  set  of  which  establishes  a  line  of  colliinatior] 
The  second  adjustment  consists  in  makin^^  these  tW0  Hms  &f  £6 
iimation paraiki  to  each  other.     They  are  made  parallel  to  eac 
other  by  making  both  parallel  to  the  faces  of  the  blocks  coi 
taining  the  lenses  and  disks,     To  effect  this,  the  arm  must 
detached  and  laid  upon  an  auxiliary  frame  which  is  attachecj 
in  the  place  of  the  arm,  and  which  is  called  an  adjuster,     Witl 
the  latitude-  and  declination-arc  set  approximately  for  the  give 
time  and  place,  lay  the  declination-arm  npon  the  adjuster,  an^ 
bring  the  sun*s  image  upon  the  disk.     Now  turn  the  arm  ca 
fully  bottom  side  up  (not  end  for  end)  and  see  if  the  sunlj 
image  comes  between  the  equatorial  lines  on  the  disk.*    If  no^ 
adjust  the  disk  for  one  half  the  displacement,  and  reverse  agaij 
for  a  check.     When  this  disk  is  adjusted,  turn  the  arm  end  fc 
end,  and  adjust  the  other  disk  in  a  similar  manner.     Havinj 
now  made  both  lines  of  collimation  parallel  to  the  edges  of  th« 
blocks,  they  are  parallel  to  each  othen 

48.  To  make  the  Declination-arc  read  Zero  when  the' 
Line  of  Collimation  is  at  Right  Angles  to  the  Polar  Axis. 
— Set  the  vernier  on  the  declination- arc  to  read  zeVo,  By  anj 
means  bring  the  line  of  collimation  upon  the  sun*  When 
carefuHy  centred  on  the  disk,  revolve  the  arm  iSo''  quickli 
about  the  polar  axis,  and  see  if  the  image  now  falls  exactll 
on  the  other  disk.  If  not,  move  the  declination-arm  bi 
means  of  the  tangent-screw  until  the  iniage  falls  exactly 
the  disk.  Read  the  declination-arc,  loosen  the  screws  in  tli 
vernier-plate,  and  move  it  back  over  one  half  its  distanc 
from  the  zero-reading.  Centre  the  image  again,  reverse  i8o^ 
and  test.  This  adjustment  depends  on  the  parallelism  of  the 
two  lines  of  collimation.     If  the  vernier-scale  is  not  adjustable 


*  It  wauld  not  be  expected  io  fall  between  the  hour-lines  on  Lhe  disk^  sfo 
some  time  has  ckpsed. 
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of  it  in  winter.  This  deviation,  north  or  south  of  the  equator, 
is  called  north  or  south  declination,  and  is  measured  from  any 
point  on  the  earth's  surface  in  degrees  of  arc. 

On  about  the  2ist  of  June  the  sun  reaches  its  most  northern 
declination,  and  begins  slowly  to  return.  Its  most  southern 
point  is  reached  about  December  2ist.  In  June  and  Decem- 
ber, therefore,  the  sun  is  changing  its  declination  most  slowly, 
while  at  the  intervening  quadrant-points  of  the  earth's  orbit, 
March  and  September,  it  is -changing  its  declination  most 
rapidly,  being  as  much  as  one  minute  in  arc  for  one  hour  in 
time.  It  is  evident,  therefore,  that  we  must  regard  the  decli- 
nation of  the  sun  as  a  constantly  changing  quantity,  and, 
for  any  given  day's  work,  a  table  of  declinations  must  be 
made  out  for  each  hour  of  the  day.  The  American  Ephemeris 
and  Nautical  Almanac  gives  the  declination  of  the  sun  for  noon 
of  each  day  of  the  year  for  both  Greenwich  and  Washington. 
Since  the  time  universally  used  in  this  country  is  so  many 
hours  from  Greenwich,  it  is  best  to  use  the  Greenwich  declina- 
tions. Since,  also,  we  are  five,  six,  seven,  or  eight  hours  west 
of  Greenwich,  the  declination  given  in  the  almanac  for  Green- 
wich noon  of  any  day  will  correspond  to  the  declination  here 
at  7, 6,  5,  or  4  o'clock  a.m.  of  the  same  date,  according  as  East- 
em,  Central,  Mountain,  or  Western  time  is  used.  As  this 
standard  time  is  seldom  more  than  30  minutes  different  from 
local  time,  and  as  this  could  never  affect  the  declination  by  more 
than  30  seconds  of  arc,  it  will  here  be  considered  sufficient  to 
correct  the  Greenwich  declination  by  the  change,  as  found  for 
the  standard  time  used.  Thus,  if  Central  (90th  meridian)  time 
is  used,  the  declination  given  in  the  almanac  is  the  declination 
at  6  o'clock  A.M.  at  the  place  of  observation.  To  this  must  be 
added  (algebraically)  the  hourly  change  in  declination,  which  is 
also  given  in  the  almanac.  A  table  may  thus  be  prepared,  giv- 
ing the  declination  for  each  hour  of  the  day. 

53.  To  correct  the  Declination  for  Refraction. — All  rays 
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of  light  coming  to  the  earth  from  exterior  bodies  are  refracted 
downward,  thus  causing  such  bodies  to  appear  higher  than 
they  really  are.  This  refraction  is  zero  for  normal  (vertical) 
tines,  and  increases  towards  the  horizon.  It  varies  lai^ely, 
also,  with  the  special  temperature,  pressure,  and  hydrometrical 
condition  of  the  atmosphere.  Tables  of  refraction  give  only 
the  mean  values,  and  these  may  differ  largely  from  the  values 
found  for  any  given  time,  especially  for  lines  near  the  horizon. 
It  is  for  this  reason  that  all  astronomical  observations  made 
near  the  horizon  are  very  uncertain.  There  is  but  one  setting 
on  the  solar  compass  that  has  reference  to  the  position  of  the 
sun  in  the  heavens,  and  that  is  the  declination.  Now,  the  re- 
fraction changes  the  apparent  altitude  of  the  body ;  and  by  so 
much  as  a  change  in  the  altitude  changes  the  declination,  by 
so  much  does  the  apparent  declination  differ  from  the  truedtc- 
lination.  Evidently  it  is  the  apparent  declination  that  should 
be  set  off.  When  the  sun  is  on  the  meridian,  the  change  in 
altitude  has  its  full  effect  in  changing  the  declination,  but  at 
other  times  the  change  in  declination  is  less  than  the  change 
in  altitude. 

The  correction  to  the  declination  due  to  refraction  is  found 
from  the  following  final  equations  :* 

tan  N  —  cot  (p  cos  /, 

sin  N 

tan  q  = j-jc—  -j.j-.  tan  /, 

^        cos  {6  ^-  N)  ' 

cot  (d  +  N) 

tan  z  =  ^^ -% 

cos  q 

d6   =  —  /fc  cos  q. 


*  See  Chauvenct's   "  Spherical   Astronomy,'*  vol.  i.,  p.   171,  and  Doolittle's 
'*  Practical  A.stronomy,"  p.  159. 
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where  ^  =  latitude;  /  =  hour  angle  from  the  meridian;  6  =^ 
declination  of  sun  ;  s  —  zenith  distance  of  sun ;  iVand  q  being 
auxiliary  angles  to  facilitate  the  computation. 

From  these  equations  we  may  compute  the  auxiliary  angle 
^,  and  the  zenith  distance  s,  for  each  hour  from  noon,  for  every 
day  of  the  year.  Then  from  a  table  of  mean  refractions,  giving 
the  refraction  for  given  altitudes,  or  zenith  distances,  which  is 
dzy  we  may  find  the  corresponding  d^,  which  is  the  correction 
to  be  applied  to  the  declination  for  refraction. 

In  this  manner  the  following  table  has  been  computed  for 
the  latitude  of  40°.  For  any  other  latitude  the  correction  is 
found  by  multiplying  the  correction  given  in  the  table  by  the 
corresponding  coefficient,  as  given  in  the  table  "  Latitude  Co- 
efficients/* These  coefficients  were  obtained  by  plotting  the 
ratios  of  the  actual  refraction  at  the  different  latitudes  to  that 
at  latitude  40°,  for  each  hour  from  7  A.xM.  to  5  P.M.  and  for  the 
various  declinations.  It  was  found  that  this  ratio  was  almost 
a  constant,  except  for  very  low  altitudes,  where  the  inherent 
uncertainties  of  an  observation  are  very  large,  from  the  actual 
refraction  varying  so  largely  from  the  mean,  as  given  in  the 
tables.  A  mean  value  of  this  ratio  was  chosen,  therefore, 
which  enables  the  corrections  at  other  latitudes  to  be  found  in 
terms  of  those  in  latitude  40°  without  material  error.  These 
ratios  are  given  in  the  Table  of  Latitude  Coefficients. 

EXAMPLE. 

Let  it  be  required  to  prepare  a  table  of  declination  settings 
for  a  point  whose  latitude  is  38'  30',  which  lies  in  the  *'  Central 
Time  Belt,"  and  for  April  5,  1890. 

Since  the  time  is  6  h.  earlier  than  that  at  Greenwich,  the 
declination  given  in  the  Ephemeris  for  Greenwich  mean  noon 
(6^  9'  57)  is  the  declination  for  the  given  place  at  6  A.M.  If 
the  point  were  in  the  **  Eastern  Time  Belt  '*  it  would  be  the 
declination  at  7  A.M.,  etc.  Suppose  it  is  desired  to  prepare 
declination  settings  from  7  a  m.  to  5  p.m.     From  the  table  1 
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TABLE  OF  REFRACTION  CORRECTIONS  TO  BE  APPLIED  TO  THE 

DECLINATIONS. 


RxtrRAcnoN 

1 

RtPHACTtOK     ! 

Rkfiiaction 

Dath. 

CORRKCT»OK, 

Date. 

ComtKCTION. 

Dati. 

Datm. 

CoiiaacTio*. 

Latitude  40'. 

Latitude  ^. 

Latitude  40^. 

L»titt]de4E^^ 

Jan, 

Feb. 

Mar. 

M.r, 

*th.  I'sS'^ 

»3 

t  h,  1'  16" 

|0 

1  h.     41' 

14 

1    h.       MX" 

I 

3      3   16 

H 

a       1   B5 

3» 

3              B7 

B 
1 

3  3  ot 

4  fi   33 

'7 

3  »   4S 

4  I   47 
A       «   39 

April. 
3 

fl           47 

1  rs  ; 

1           34 

t   .'3 

1 

>        «    54 
a       B   11 

18 
19 

I           t    IB 

3       1    to 

4 

1 

I           34 

»           44 
.^           54 

19 

I                 XB 
B                ]« 

3       3   » 

BO 

3       "    40 

11 

3            33 

i 

4       6  01 

3:1 

4       a   31 

1 

n 

4            47 

» 

5       6  49 

"3 

5       I    1* 

9 

T          J     51 

53 

I        1   07       ' 

^ 

1            rf 

34 

t            fli 

ICl 

s       a  07 

*4 

»       "    "5 

to 

B                41 

3 

57 

B                 Ij 

IB 

3  3   51 

4  5  4^ 

:l 

J  ;  n 

11 
13 

%                51 
4         1    lO 

?        5 

n 

t7 

S       S  *9 

'3 

5       t   58 

98 

5       1   »3 

"4 

3          B    01 

9H 

Mar. 

1 

I       I  03 

3        1    la 

•   3 

B4 

BO 

3^ 

I               so 

B               B4 

Si 

J       a  4a 
4        S   00 

B 

3 
4 

3      »  ^      i 
5       4  S'J 

<7 

5    «  49 

June. 

a 

3  1' 

4  44 

5  t    11 

■9 

19 

I    ■  3? 

r       1    ^^ 

1 

;  tu  1 

BO 

36 
3      45 

3 

4 

9        n 

aB 

3       a  3J 

7 

3          I     31           1 

Bl 

4       I  oa 

5 

3        >a 

33 

4       4   35 

s 

4       I   s6       \ 

"3 

5       >    4a 

fi 

4        43 

9 

S       4  <H        j 

7 

5     11° 

♦    -.•        s 

1 

34 

I                 fO 

I        t    3^        1 
»        1    50 
3        a   SB 

10 
11 

t            55 

B          I    QB 

J          t     15 

a7 

3           34 

3  43 

4  38 

a 

9 

10 

1            tS 
*           « 

3           ^ 

4       4  <>7 

'3 

4       1    47 

bS 

5       I    36 

tt 

4            4? 

14 

5       J   34        . 

IB 

3       "  09 

^•9 

Bg 

I            bS 

3& 

I       1    35 
*       I   44 

5          B     13 

4        3   4' 

19 

:       P    1 

3          I     TO 

I 

B 

3 

»            31» 

3  39 

4  SS 

5  "    30 

*3 

14 

17 

]           18 

3            "9 

t    .a 

.        ,    .6 

BO 

I      49 

4 

1            96 

ifl 

I            ifl 

^I 

3            «4 

s 

3             3» 

<* 

B          ai 

1      I  J7 

Ba 

J       I   05 

(J 

3            37 

BO 

3           =9 

3      «  04 

1     31 

4        >    33 

1    i 

4            53 

Bt 

4           4J 

4      J  ai 

1     «4 

5        -5.        1 

S       1    aS 

BB 

5       I  ol 

I         1    Vi 

:i 

T            45 

» 

I            ^5 

>3 

I            ti 

a       '    31       . 

a          go 

10 

B                Bq 

*l 

4               H 

ro 

3       I    56       5 

»7 

3       1  01 

ij 

3           36 

y 

3           ^ 

4        3  ^ 

1    aa 

4       I  as 

IB 

4             51 

4           4a 

ia 

1     >« 

5       ^  ^ 

1 

1    ".. 

S        i    ?* 

>7 

5       I   oB 

•  The  hours  are  counted  each  way  from  noon.    Thus  9  a.m.  and  3  p.m.  would  correspond  to 
the  3d  hour  in  the  Ublc. 
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Refraction 

Refraction 

Refraction 

Refraction 

Datk. 

CoRJtBCnON. 

Date. 

Correction. 

Date. 

Correction. 

Date. 

Correction. 

Latitude  46". 

Latitude  4o<». 

Latitude  400. 

Latitude  40". 

JuDfe. 

Aug. 

Oct. 

Nov. 

a8 
»9 

z  h.      z8" 
3          33 

\l 

1  h.      32" 
3          36 

6 
I 

1  h.  z'  03'' 
3       z   10 

20 

31 

1  h.  i'  46' 
3       3  oz 

^y. 

3  "9 

4  43 

5  «'o9 

»9 
30 

3  45 

4  z'  oa 

8 
9 

4      3  06 

33 
23 

3  2   40 

4  4   59 

I 

a 

3Z 

5       I   42 

10 

5       4  39 

24 

3 

I           19 

33 
23 

I           a 

ZI 

1       I  07 

:l 

4 

3           33 

94 

3           ^ 

13 

3       z   15 

Z         I    50 

5 

3           30 

U 

4       z   06 

13 

4      2  z8 

S 

3       2  06 

6 

4           43 

5       1   49 

14 

3       2  49 

7 

5       z   zo 

■3 

36 

«5 

5       5  29 

29 

4       5   33 

8 

Z                30 

2           41 

9 

3              34 

29 

3           51 

16 

I       I    12 

so 

IZ 

3  3« 

4  44 

30 

3» 

4  z   zo 

5  I  58 

\l 

2  I   20 

3  >   40 

&c. 

'       I   54 

Z3 

5       >   " 

«9 

4       3   31 

I 

3       3   zz 

Sept. 

30 

5       6  49 

3 

3       2   59 

«3 

Z               3Z 

z 

X           39 

3 

4       6  oz 

M 

3               35 

3 

2           44 

4 

:i 

3           32 

3 

3           54 

31 

I        z    16 

4           46 

4 

J    l'<i 

33 

3         I    35 

3       X  48 

X7 

5       «   13 

5 

23 

I 

24 

4       2  47 

I       I   58 

z8 

Z                 33 

6 

Z                 43 

25 

5       8  39 

I 

3       3   16 

«9 

8               36 

I 

2           47 

3       3  <H 

so 

3           33 

3           57 

9 

4       6  33 

9I 

4           47 

9 

t  :;i 

36 

1          Z    31 

» 

5       »   »5 

zo 

11 

3          1     ^Z 

3       I    56 

23 

z            23 

II 

1       48 

29 

4       3  04 

lO 

84 

3           37 

13 

2       50 

30 

5     II   01 

II 

2       2    19 

J    17 

25 

3           34 

13 

3     I  01 

12 

26 

»7 

J    .S 

«5 

4  I  25 

5  2  34 

iJov. 

1  I    26 

2  1    37 

13 
14 

a8 

16 

I       48 

2 

3        2  04 

"9 

»            25 
3           ^ 

17 
18 

2  54 

3  I  05 

3 

4 

4  3   21 

5  13   57 

:i 

1  2  01 

2  «   20 

z 

4  5X 

5  Z     23 

»9 
20 

31 

4  I  32 

5  2   51 

1            52 

5 
6 

I        I    32 

19 

3  3    11 

4  6   47 

9 

z           26 

32 

58 

7 

2  I    44 

3  2    »3 

4  3    41 

1  1    37 

2  1    50 

3  2     23 

3 

4 

1 

1 

3                30 

3           37 

1           38 
3           32 

23 
24 
25 

3 

3       1    10 

\    IS 

1  55 

2  I   02 

3  «   15 

12      1 

20 
21 

22 
23 
24 

1  2   01 

2  2   ao 

3  3    " 

4  6  49 

9 
zo 

3  39 

4  55 

29 
30 

4  I    47 

5  3   34 

13 

X4 

4        4   07 

U 

1          3    00 
8         3     19 

3  3  «y 

4  0   ij 

IZ 

Z2 

5       X   30 
»            30 

Oct. 

z 

I            59 

IS 

29 

'3 
«4 

2  34 

3  42 

2 

3 

2  1   06 

3  I    21 

16 
17 

I       z   43 
3       I   56 

«5 

4            58 

4 

4         I    56 

18 

3       2   31 

y> 

z6 

5        1    36 

5 

5        4  04 

19 

4       4   35 

3 
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TABLE  OF   LATITUDE  COEFFICIENTS. 


Latitude.     Coe 

fficientJ 

Latitude. 

Coefficient. 
.65 

Latitude. 

CoeffidcnL 

15" 

30    i 

30" 

45- 

1.20 

i6 

32      ; 

31 

.68 

46 

1.24 

17 

34 

32 

•7^ 

47 

1.29 

18 

36 

33 

•75 

48 

1.33 

19 

3« 

34 

.78 

49 

1.38 

20 

40 

35 

.82 

50 

1.42 

21 

42      1 

36 

.85 

51 

1.47 

22 

•<4 

37 

.89 

1       52 

1-53 

23 

46 

38 

.92 

'       53 

1.58 

24 

48 

39 

.96 

1       54 

1.64 

2'^ 

50 

40 

1. 00 

'       55 

1.70 

26 

53 

1      41 

1.04 

1       56 

1.76 

27 

56 

i      42 

1.08 

57 

1.82 

28 

59 

43 

1. 12 

,       58 

1.88 

29 

62         , 

44 

1. 16 

59 

1-94 

Note. — For  any  other  latitude  than  40*"  the  refraction  corrections  given  in  tbe 
prccedinjij  table  are  to  be  multiplied  by  the  coeflficients  given  in  this  table  to  obtain 
the  true  refraction  corrections  for  that  latitude. 


latitude  corrections  we  find  that  the  refraction  corrections  will 
be  .94  of  those  given  in  the  table.  The  following  table  of 
declination  settings  may  now  be  made  out : 


Hour  J 

Declination. 

Reft.  Cor. 

Setting. 

Hour. 

Declination. 

Refr.  Cor. 

Setting. 

7  1 

+  6'  10'  54" 

+  2'  00" 

+  6<>  12'  54"  \ 

I 

+  6**  16'  3«;'' 

+       37" 

+  e**  17'  la" 

8 

6    11    51 

4   1   10 

6    13   ox 

2 

6    17   31 

+       41 

6    18   0 

9    i 

6    la   47 

+       51 

6    X3   38     1 

3 

6    18  28 

+       51     i 

6    19  19 

10 

^    13  44 

+       41 

6    14  25     1 

4 

6    19   25 

+  \'  10" 

6    »o  35 

M      1 

6    14  4X 

+       37 

6    15   18     ^ 

5 

6     20    23 

+  2   00 

6    22  aa 

From  March  20th  to  September  20th  the  declination  is 
positive,  while  from  September  20th  to  March  20th  it  is  nega- 
tive. From  December  20th  to  June  20th  the  hourly  correction 
is  positive,  while  from  June  20th  to  December  20th  it  is  nega- 
tive. Tlie  refraction  correction  is  always  positive.  Particular 
attention  must  be  given  to  all  these  signs  in  making  out  the 
table  of  declination  settings. 
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53a.  A  Simple  Way  of  Correcting  the  Sun's  Declination 
for  the  Effect  of  Refraction.* — In  case  the  observer  should 
not  have  with  him  the  refraction  tables,  found  on  the  preced- 
ing three  pages,  the  refraction  can  be  determined  by  the  aid  of 
his  watch,  as  follows : 

Having  focussed  the  eyepiece  and  object-glass  of  the  tran- 
sit  so  that  a  clear  image  of  both  the  sun's  disc  and  the  cross- 
wires  can  be  seen  on  the  screen  held  behind  the  eyepiece  (a 
piece  of  white  paper  held  by  the  hand  will  do  for  a  screen),  set 
the  horizontal  circle  of  the  transit  to  read  some  integral  ten 
minutes  and  point  on  the  sun  by  the  lower  motion. 

The  earth's  diurnal  motion  will  carry  the  sun  across  the 
vertical  thread  of  the  instrument.  Note  the  time  on  a  watch 
to  the  nearest  second  when  the  sun  is  tangent  to  the  vertical 
wire.  Keeping  the  lower  motion  clamped,  unclamp  the  upper 
and  turn  the  alidade  in  the  direction  of  the  sun's  movement, 
i.e.,  toward  the  west,  and  set  the  vernier  to  read  the  next  ten 
minutes.  Note  again  the  time  when  the  sun  is  tangent  to  the 
vertical  thread.  Also  read  the  vertical  angle  to  the  sun.  Then 
if  we  call  ii  the  interval  of  time  elapsed  in  seconds  while  the 
sun  (really  the  earth)  was  passing  through  ten  minutes  of 
arc,  and  call  h  the  vertical  angle  in  degrees,  the  refraction  //,  in 
minutes,  is  given  by  the  equation 

2CHX> 

a  =  . 

h .  n 

Experience  in  using  this  formula  has  shown  that  its  maxi- 
mum errors  will  not  exceed  15"  when  the  sun  is  above  10^ 
altitude,  while  its  average  error  is  less  than  half  this  amount. 
As  the  refraction  correction,  as  ordinarily  computed,  is  bai>«;d 
upon  average  conditions  of  temperature  and  barometric  Jil«^ 
sure,  seldom  exactly  realized  in  any  given  case,  the  writ*.-?  j..r 


*  For  a  very  complete  explanation  of  this  method  »•<•  *!»»■.' 
Astronomy,"  by  Prof.  George  C.  Comstock,  University  ^>'  ic.  i^- 
Bulletin  No.  3,  Vol.  I  of  Science  Series. 
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not  been  surprised  to  find  that  results  obtained  by  the  use  of 
the  above  formula  are  quite  as  good  as  those  obtained  from 
the  more  complicated  and  pretentious  formulas  and  tables. 

A  still  more  accurate  determination  of  the  refraction  can  be 
made  by  the  use  of  the  following  equation : 

n 

where  d  and  n  stand  for  the  same  quantities  as  before,  and  N\& 
obtained  from  the  following  table  by  entering  it  with  the  meas- 
ured altitude  of  the  sun  as  an  argument. 


k 

N 

Dif. 
forx«. 

h 

N 

DIf. 

for  X*. 

10** 

2I8 

15 

30- 

60 

2.3 

15^ 

143 

8 

<o- 

37 

1.5 

20'* 

103 

5 

5^" 

22 

I.O 

25' 

78 

3.6 

6o' 

12 

0.7 

30- 

60 

70- 

5 

The  altitude  of  the  sun  need  only  be  observed  to  the  nearest 
half  degree. 

The  tabulated  values  of  N  correspond  to  a  temperature  of 
50°  F.  and  a  barometric  pressure  of  thirty  inches.  They  may 
be  adapted  to  any  other  temperature  by  diminishing  d  by  one 
per  cent  for  each  five  degrees  by  which  the  temperature  ex- 
ceeds 50°,  or  by  increasing  one  per  cent  for  each  five  degrees 
below  50°. 

This  correction  and  the  correction  for  variations  of  the 
barometer  can  usually  be  neglected.  At  great  elevations,  how- 
ever, the  barometric  pressure  becomes  so  much  reduced  that 
its  variation  must  be  taken  into  account,  and  this  is  done  by 
diminishing  d  by  one  per  cent  for  each  three  hundred  feet  of 
elevation  above  the  sea. 
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54«  Errors  in  Azimuth  due  to  Errors  in  the  Declina- 
tion and  Latitude  Angles. — The  spherical  triangle  involved 
in  an  observation  by  the  solar  compass  is  shown 
in  Fig.  1 1,  where  P  is  the  pole,  Z  the  zenith,  and      *^f\ ao 
S  the  sun.     Then 

the  angle  at      /*=/,   the  hour-angle    from    the 

meridian ; 
"        "  Z=^Ay  the  azimuth  from  the  north     ^ 

point ; 
"        "  S  =  q,  the  variable  or  parallactic 

angle. 
Also,  the  arc  PZ:=  the  co-latitude  =  90"^  —  0 ; 

"         PS:=  the  co-declination  =  90°  —  6 ; 
"         ZS  =  the  co-altitude,  or  zenith  dis-      ^fe)"? 
tance  =  90°  —  A. 


& 


Fig.  II. 


Taking  the  parenthetical  notation  of  the  figure,  we  have, 
from  spherical  trigonometry, 

cos  (a)  =  cos  (c)  cos  (d)  +  sin  (c)  sin  (d)  cos  (A). 
But  in  terms  of  d,  0,  //,  and  A,  this  becomes 


sin  d  =  sin  0  sin  //  -f  cos  0  cos  A  cos  A. 


u; 


In  a  similar  manner,  from  two  other  fundamental  equatioiKs 
of  the  spherical  triangle,  we  may  write 

cos  ^  cos  /  =  cos  0  sin  A  —  sin  0  cos  A  cos  A  ;  (2 ) 

cos  <y  sin  /  =  cos  //  sin  A.  ( ^  1 


If  we  differentiate  equation  (i)  with  reference  to  A  and  ^ 
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and  then  with  reference  to  A  and  0,  we  obtain,  after  some 
reductions  by  the  aid  of  equations  (2)  and  (3) 

*dA,= ^4— (4) 

cos  0  sin  /  ^^' 

and  rfi4^=  +  -^ , (5) 

*  cos  0  tan  /  ^^^ 

Now,  if  the  change  (or  error)  in  d  and  0  be  taken  as  i  minute 
of  arc,  or,  in  other  words,  if  the  settings  for  declination  or  lati- 
tude be  erroneous  by  that  amount,  either  from  errors  in  the 
instrumental  adjustments  or  othei-wise,  then  equations  (4)  and 
(5)  show  what  is  the  error  due  to  this  cause  in  the  azimuth,  or 
in  the  direction  of  the  meridian,  as  found.  In  the  following 
table,  values  of  dAi  and  dA^  are  given  for  various  values  of 
0  and  /  (latitude  and  hour-angle).  In  this  table  no  attention 
is  paid  to  signs,  as  it  is  intended  mainly  to  show  the  size  of  the 
errors  to  which  the  work  is  liable  from  inaccurate  settings  for 
declination  and  latitude ;  the  values  may,  however,  be  used  as 
corrections  to  the  observed  azimuths  from  such  inaccuracies  by 
observing  the  instructions  in  the  appended  note. 

*  dAh  signifies  the  change  in  A  due  to  a  small  change,  </(5,  in  ^,  the  other 
functions  involved  in  equation  (i)  remaining  constant.  Similarly  for  dA  . 
when  <p  alone  changes.  The  derivation  of  equations  (4)  and  (5)  involves  a 
knowledge  of  the  infinitesimal  calculus. 
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>F  ERRORS  IN  AZIMUTH  (BY  SOLAR  COMPASS)  FOR  i' 
ERROR  IN   DECLINATION  OR  LATITUDE. 


FOK  S'  BUOK  IN  DsaJNATION. 

Fon  t*  Emtoii  nc  Latitudb. 

Lat.3o« 

Lat.4o* 

Lat.5o* 

Lat.  30^ 

L«L40* 

Lat.50^ 

8'.85 

lo'.o 

I2'.9 

8'.77 

9.92 

ii'.8 



446 

5.05 

6. OX 

4.33 

4.87 

5.80 



2.31 

2.61 

3. II 

2.00 

2.26 

2.70 

1.63 

I4J5 

2.20 

1. 15 

1.30 

1.56 



1.34 

1.51 

1.80 

0.67 

0.75 

0.90 



1.20 

1.35 

1. 61 

0.31 

0.35 

0.37 



1. 15 

1.30 

1.56 

0.00 

0.00 

0.00 

—Azimuths  observed  with  erroneous  declination  or  co-latitude  may  be 
by  this  table  by  observing  that  for  the  line  of  collimation  set  too  hight 
th  of  any  line /ww  the  south  point  in  the  direction  S.W.N. E.  is 
smail  in  the  forenoon  and  too  large  in  the  afternoon  by  the  tabular 
or  each  minute  of  error  in  the  altitude  of  the  solar  line  of  sight.  The 
true  for  this  line  set  too  low. 

ral  important  conclusions  may  be  drawn  from  this  table 

n  equations  (4)  and  (5). 

' — That  the  solar  compass  should  never  be  used  between 

and  I  P.M.,  and  preferably  not  between  10  A.M.  and  2 

:he  best  results  are  desired. 

td — That  at  6  o'clock  A.M.  and  P.M.,  when  the  line  of  col- 

i  lies  in  a  plane  at  right  angles  to  the  plane  of  the  me- 

10  small  change  in  the  latitude- arc  will  affect  the  accu- 

the  result. 
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Third — From  equations  (4)  and  (5),  we  see  that  the  errors 
from  declination  and  from  latitude  have  opposite  signs,  or 
that  errors  from  like  erroneous  settings  in  declination  and 
co-latitude  have  the  same  sign.  Therefore,  if  the  declination- 
angle  be  erroneously  set  off,  and  the  co-latitude-angle  be  also 
affected  by  an  equal  error  in  the  opposite  direction^  then  the  two 
resulting  errors  in  azimuth  will  tend  to  compensate.  From  the 
table  it  may  be  seen  that  for  the  same  latitude  and  hour-angle 
they  would  nearly  balance  each  other  numerically.  If,  there- 
fore, the  declination-angle  be  affected  by  an  error,  afid  the  co- 
latitude  of  the  place  then  found  by  a  meridian  observation  with 
the  compass,  the  error  of  the  declination  will  appear  in  the  re- 
sulting co-latitude,  with  the  opposite  sign.  In  this  way  any  con- 
stant error  in  the  declination-angle  may  be  nearly  eliminated. 

Fourth — The  best  times  of  day  for  using  the  solar  compass  are 
from  7  to  10  A.M.  and  from  2  to  5  P.M.  So  far  as  the  instru- 
mental  errors  are  concerned,  the  greater  the  hour-angle  the 
better  the  observation ;  but  when  the  sun  is  near  the  horizon, 
the  uncertainties  in  the  refraction  may  cause  unknown  errors 
of  considerable  size. 

Fifth — That  for  a  given  error  in  the  setting  for  declination  or 
latitude  the  resulting  error  in  azimuth  will  have  opposite  signs 
in  forenoon  and  afternoon.  For,  in  equations  (4)  and  (5),  the 
hour-angle,  /,  has  different  signs  before  and  after  noon  ;  and 
therefore  sin  t  and  tan  t  change  sign,  thus  changing  the  sign 
of  the  expression.  If,  therefore,  a  lO-o'clock  azimuth  is  in 
error  5'  in  one  direction  from  erroneous  settings,  a  2-o*clock 
observation  with  the  same  instrument  should  g^ve  an  azimuth 
5'  in  error  in  the  opposite  direction. 

55.  Solar  Attachments  are  appliances  fitted  upon  transit- 
instruments  for  the  purpose  of  finding  the  meridian,  the  same 
as  is  done  by  the  solar  compass.  The  principles  of  construc- 
tion and  use  are  the  same  as  those  of  the  solar  compass,  the 
application  of  these  principles  being  quite  various,  however, 
giving  rise  to  several  forms  of  attachments,  some  of  which  will 
be  discussed  in  connection  with  the  transit.  Their  adjust- 
ments and  limitations  are  nearly  the  same  as  those  here  given. 
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EXERCISES  WITH  THE  SOLAR  COMPASS. 

56.  Determine  a  true  meridian  line  by  an  observation  on  a  circumpolar 
star  or  otherwise,  by  either  the  compass  or  transit.  Set  the  solar  compass  up 
on  one  point  of  this  line  with  a  target  set  at  another  point  on  the  established 
meridian.  Having  carefully  adjusted  the  compass,  set  the  declination-arc  to  the 
right  angle  for  the  given  day  and  hour,  corrected  for  refraction,  and  make  a 
meridian  observation  on  the  sun  for  latitude.  If  the  true  latitude  of  the  place  is 
known,  the  difference  will  be  the  index  error  of  the  latitude-arc.  Leave  the  lati- 
tude-arc set  at  the  readings  obtained  by  the  meridian  observation  (whether  it  is 
the  true  latitude  or  not),  and  make  a  series  of  determinations  of  the  meridian  by 
the  compass  at  various  times  of  day.  These  will  usually  be  in  error  from  the 
true  meridian  by  small  amounts.  Determine  the  size  of  these  errors  by  turn- 
ing upon  the  target  and  reading  the  horizontal  circle.  Record  these  errors, 
with  the  time  of  day  and  name  of  observer.  Each  student  should  make  a 
series  of  such  observations,  determining  for  himself  the  errors  to  which  the 
work  is  liable.  The  same  meridian  may  be  used  for  all,  after  it  has  been  prop- 
erly checked  by  duplicate  observations. 

57.  Set  the  latitude-  or  declination-angle  say  3'  from  its  true  value,  and 
observe  at  various  hours  of  the  day,  and  see  if  the  resulting  errors  in  azimuth 
are  about  three  times  those  given  in  the  table.  Note  that  these  resulting  errors 
are  in  opposite  directions  and  equal  in  amount  in  fore-  and  after-noon  observa- 
tions. 

58.  With  the  solar  compass  on  the  meridian  as  before,  select  a  series  of 
points,  six  or  more,  which  are  fixed  and  plainly  visible  through  the  slits.  Find 
the  bearing  to  each  of  these  points  by  a  separate  observation  on  the  sun  in 
each  case,  paying  no  attention  to  the  target  on  the  true  meridian.  Remove  the 
solar  compass  and  let  another  student,  ignorant  of  the  first  bearings,  set  the 
ordinary  needle  compass  over  the  same  point.  Bring  the  line  of  sight  upon 
the  target  and  make  the  needle  read  south  by  moving  the  vernier  on  the  decli- 
nation-arc. In  other  words,  set  off  the  declination  of  the  needle.  The  hear- 
ing's given  by  the  needle  compass  should  now  agree  with  those  obtained  by  the 
solar  compass.  Read  upon  the  series  of  selected  points,  obtaining  the  bear- 
ings to  the  nearest  five  minutes.  Let  a  third  student  take  a  transit  (or  the  solar 
compass  would  do)  and  find  the  true  bearings  of  the  selected  points  with  refer- 
ence to  the  established  meridian.  Compare  results  and  so  obtain  some  data 
for  determining  the  relative  accuracy  of  the  solar  and  the  needle-compass. 
The  mean  of  two  azimuths  by  the  solar  compass  taken  on  the  same  line  at 
equal  intervals  from  noon  should  be  the  true  azimuth  of  the  line  if  the  instru- 
ment has  not  changed  its  adjustments  in  the  mean  time.  This  is  the  way  to 
find  the  true  azimuth  of  a  line  by  the  solar  compass. 

59.  Run  a  line  over  a  series  of  points  (six  or  more)  in  tiie  forenoon  by  the 
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solar  compass,  and  determine  the  bearings.  In  the  afteraoon  ran  it  back  again, 
using  the  bearings  obtained  in  the  forenoon^  set  other  stakes  where  the  points  are 
not  coincident  with  the  old  ones,  and  note  the  residual  discrepancy  at  the  close 
of  the  work.  Divide  this  by  twice  the  length  of  the  line,  and  this  is  the  error 
of  closure  due  to  erroneous  bearings.  The  chain  may  be  used  on  the  first  run- 
ning of  the  line,  but  on  the  retracing  the  stakes  may  be  set  opposite  the  first 
ones,  if  not  coincident.  The  object  is  to  determine  how  much  o!  the  error  of 
closure  in  surveying  may  be  attributed  to  erroneous  bearings. 

Do  the  same  with  the  needle  compass  and  compare  results.     The  points 
need  not  be  in  line,  nor  need  they  enclose  an  area. 
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CHAPTER    III. 

INSTRUMENTS  FOR  DETERMINING  HORIZONTAL  LINES. 

PLUMB-LINE  AND   BUBBLE. 

60.  The  Plumb-line  and  the  Bubble-tube  are  at  once  the 
most  simple,  universal,  and  essential  of  all  appliances  used  in 
surveying  and  astronomical  work.  Without  them  neither  the 
zenith  nor  the  horizon  could  be  effectually  determined,  and  the 
determination  of  altitudes  and  of  horizontal  lines  and  planes 
would  be  out  of  the  question.  Even  azimuths,  bearings,  and 
horizontal  angles  require  that  the  circle  by  which  they  are  ob- 
tained shall  be  brought  into  a  horizontal  position. 

The  direction  of  the  plumb-line  is  by  definition  a  vertical 
line,  pointing  to  the  zenith,  and  a  plane  at  right  angles  to  this 
line  is  for  that  point  a  horizontal  plane.  As  no  two  plumb- 
lines  can  be  parallel,  so  no  two  planes,  respectively  horizontal 
at  two  different  positions  on  the  earth's  surface,  can  be  par- 
allel. 

Parallel  horizontal  planes  can  only  be  planes  at  different 
elevations,  all  horizontal  for  a  single  position  on  the  earth's 
surface. 

A  level  surf  ace  is  a  surface  (not  a  plane)  which  is  at  every 
point  perpendicular  to  a  plumb-line  at  that  point.  If  the 
earth  were  covered  with  a  fluid  in  a  quiescent  state,  the  sur- 
face of  this  fluid  would  be  a  level  surface.  This  surface  would 
not  be  a  true  oblate  spheroid,  but  would  in  places  vary  several 
hundred  feet  from  such  a  mean  spheroidal  surface.  This  is 
owing  to  the  fact  that  the  earth  is  not  a  homogenec"  " 
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thus  causing  the  centre  of  mass  ta  deviate  from  the  centre  of 
form.  Owing  also  to  much  irregularity  in  the  distribution  of 
the  mass,  with  respect  to  the  form  of  the  earth,  there  are  many 
irregular  deif  tat  ions  of  the  plumb-line*  from  any  one  point.  A 
level  surface  follows  all  such  deviations. 

A  bubble-tube  is  a  round  glass  tube  bent  or  ground  so  that 
its  inside  upper  surface  is  circular  on  a  longitudinal  section. 
This  is  nearly  filled  with  ether,  the  remaining  space  being 
occupied  with  ether-vapor,  which  forms  the  bubble.  This 
tube  is  usually  graduated  to  assist  in  determining  the  exact 
position  of  the  bubble  in  the  tube.  If  the  tube  has  been 
ground  to  a  perfect  circular  longitudinal  section,  then  a  hngU 
tudinal  line  tangent  to  this  inner  surface  at  the  centre  of  the  air- 
bubble  is  a  level  line,  in  whatever  part  of  the  tube  the  bubble 
may  lie.  If  this  were  not  a  level  line,  the  centre  of  gravity  of 
the  bubble  would  not  occupy  its  highest  possible  position  and 
would  move  until  it  did.  Since  the  position  of  the  centre  of 
a  bubble  in  a  tube  is  determined  by  reading  the  position  of  its 
ends  and  taking  the  mean,  it  is  necessary  that  the  arc  shall  be 
of  uniform  curvature — that  is,  circular. 

A  line  tangent  to  the  inner  surface  of  the  bubble-tube  at 
its  centre,  as  defined  by  the  graduations  (or  another  line  parallel 
to  it)  is  called  the  axis  of  the  bubble.  When  the  bubble  is  in 
the  centre  of  the  tube,  therefore,  its  axis  is  horizontal. 

Proposition  I,  If  a  bubble-tube  be  rigidly  attached  to  a 
frame,  and  if  this  frame  be  reversed  on  two  supports  lying  in 
the  vertical  plane  through  the  bubble-axis,  the  supporting 
points  are  level  when  the  bubble  occupies  the  same  portion  of 
the  tube  in  both  positions  of  frame,  whether  this  be  the  centre 


*  In  the  northern  portion  of  the  United  States,  in  the  vicinity  of  the  Great 
Lakes,  deviations  of  the  plumb-line  (Clarke's  Spheroid  being  used)  have  been 
\o\im\  as  fjreat  as  lo  or  12  seconds  of  arc.  See  Primary  Triangulation  of  thff 
U.  S.  Lake  Survey. 
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or  not ;  providing,  of  course,  that  the  points  of  support  on  the 
frame  were  identical  in  the  two  cases. 

For,  the  tangent  horizontal  lines  being  identical  in  the  two 
positions  of  the  bubble,  the  vertical  distances  from  this  line  to 
the  points  of  support  must  be  equal,  otherwise  the  direct  and 
reversed  positions  would  not  give  identical  tangent  lines.  The 
points  of  support  are  therefore  in  a  horizontal  line. 

Proposition  II.  If  a  bubble-tube  be  revolved  about  an  axis 
in  such  a  way  that  /AV  bubble  keeps  a  constant  position  in  the 
tube^  the  axis  of  revolution  is  vertical. 

For,  since  the  bubble-tube  maintains  a  constant  inclination 
to  the  horizon  (this  inclination  being  zero  when  the  bubble  is 
in  the  centre),  the  plane  of  motion  can  have  no  vertical  com- 
ponent, and,  therefore,  the  axis  of  revolution  must  be  vertical. 

Cor,  I.  Similarly  we  may  say  tliat  if  a  bubble-tube  be  re- 
volved lSo°  about  an  i'lxis,  and  if  the  bubble  liave  the  same 
reading  in  the  two  positions,  then  the  plane  of  revolution  has 
no  vertical  component  in  the  direction  of  the  bubble-axis,  and 
therefore  the  axis  of  revolution  lies  in  a  vertical  plane  at  right 
angles  to  the  bubble-axis.  If  the  same  test  be  made  for  any 
other  two  horizontal  positions  iSo^"  apart  (preferably  90°  from 
first  position)  and  the  bubble  have  the  same  reading  in  the 
two  cases,  then  the  axis  of  revolution  lies  in  a  vertical  plane  at 
right  angles  to  these  new  positions  of  bubble-axis,  and  there- 
fore it  lies  at  the  intersection  of  these  two  vertical  planes,  or  it 
is  vertical.  If  two  bubble-tubes  (not  parallel  to  each  other 
and  preferably  at  right  angles)  be  rigidly  attached  to  a  frame 
that  revolves  about  an  axis,  and  if  each  bubble  has  the  same 
reading  in  two  positions  of  frame  iSo*^  apart,  the  axis  of  revo- 
lution is  vertical,  even  though  the  two  bubbles  do  not  read 
alike  nor  either  is  at  the  middle  of  its  tube. 

Cor.  2.  In  all  cases  where  a  bubble-tube  has  been  shifted 
180**  in  the  same  supports,  or  axis,  the  ani;ular  difference 
between  the  two  positions  of  tiie  bubble  is  twice  the  angulat 
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deviation  of  the  supports  from  a  liorizontal,  or  of  the  axis  from 
a  vertical. 

6i.  The  Accurate  Measurement  of  Small  Vertical  An- 
gles is  accomplished  by  means  of  the  bubble  with  greater  read- 
inessand  precision  than  by  any  other  device  known.  For  this 
purpose  the  bubble-tube  should  be  gn^ound  accurately  to  the  arc 
of  a  circle  with  a  long  radius,  and  uniformly  graduated*  Then 
a  given  bubble-movement  in  any  part  of  the  tube  corresponds 
to  a  known  angular  change,  when  the  angular  value  of  a  move 
ment  of  one  division  in  the  graduated  scale  has  been  deter^ 
mined.  These  graduations  are  usually  made  on  the  top  of  the 
glass  tube*  To  measure  a  small  angle  by  means  of  the  bubble, 
read  the  two  ends  of  the  bubble  to  divisions  and  tenths,  and 
take  the  one  half-difference  of  end  readings  *  Shift  the  bubble 
a  given  amount  and  read  both  ends  again,  taking  one  half  the 
difference.  The  difference  of  these  two  results  in  divisions  of 
the  scale,  multiplied  by  the  angular  value  of  one  division  on 
the  scale,  is  the  vertical  angle  through  which  the  tube  was 
shifted, 

62.  The  Angular  Value  of  One  Division  of  the  Bubble 
may  be  found  in  various  ways. 

(a)  By  a  telescopic  Hue  of  sight.  Attach  the  bubble-tube  rig* 
idly  to  a  mounted  telescope,  putting  the  bubblc-axis  in  the  plane 
of  the  telescope.  Measure  off  a  convenient  base-line  on  level 
ground  of  from  200  to  500  feet.  Set  the  telescope  at  one  end 
of  this  base,  and  hold  a  rod  vertically  at  the  other.  Bring  the 
bubble  near  one  ^nd  of  its  tube  by  moving  the  telescope  verti- 
cally, and  read  the  two  ends*  Read  the  height  of  the  cross- 
wires  on  the  rod.  Bring  the  bubble  near  the  other  end  of  tube 
and  read  both  the  bubble  and  rod.  Repeat  many  times*  Re- 
duce the  work  by  taking  the  half-difference  of  the  two  end 


*  Bubbles  are  read  from  the  middle  outwards  towards  ihc  ends.     Then  ihc 
balf-differcnce  of   end  readings  is  ihe  distance  of  the  centre  of  the  bubble  J 
fhc  centre  of  the  scale. 
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readings  in  each  case,  thus  giving  the  distance  of  the  centre  o! 
the  bubble  from  the  centre  of  tube  for  each  position.  Take 
the  mean  of  these  results  for  each  set  of  end  readings  sepa- 
rately. If  these  mean  results  were  for  opposite  ends  of  the 
tube,  add  them  together  and  this  gives  the  average  maiHment 
of  buMk,  Similarly  take  the  mean  of  the  upper  reading.^  and 
the  mean  of  the  lower  readings  on  the  rod,  and  take  the  differ- 
ence! and  this  is  the  average  movement  of  the  line  of  sight. 
Calling  the  bubble-movement  in  divisions  of  scale  A  the  move- 
ment on  the  rod,  in  feet,  7?,  and  the  length  of  the  base,  in  feet, 
5,  we  would  have,  in  seconds  of  arc, 

J? 

angular  value  of  i  div.  of  bubble  ^  j.j^   . 77.  * 

(A)  By  n  iargt  vertical  circle.  Mount  the  bubble  rigidly 
upon  the  circle,  having  its  axis  parallel  to  the  plane  of  the 
circle.  Move  the  bubble  from  end  to  end  of  tube,  as  before, 
•reading  the  corresponding  angular  changes  directly  upon  the 
circle.  Divide  the  mean  angular  movement  by  the  mean 
movement  of  bubble. 

This  requires  a  large  circle  with  micrometer  attachments, 
such  as  is  used  on  astronomical  instruments. 

(r)  By  a  trve/  trier.  This  consists  of  a  beam  hinged  at  one 
end  and  moved  vertically  by  means  of  a  micrometer  screw  at 
ihe  other.  The  bubble  tube  is  placed  upon  the  beam»  and  the  ■ 
bubble  moved  back  and  forth  by  means  of  the  screw,  each 
revolution  of  which  gives  a  known  angular  movement  to  the 
beam, 

63.  General  Considerations. — A  bubble  is  sensitive  direct* 
ly  as  the  length  of  the  radius  of  curvature,  or  indirectly  as  its 
rate  of  curvature.  It  is  also  sensitive  in  proportion  to  its 
length,  a  long  bubblej  settling  much   more  quickly  and  ac* 

•  Log  sin  J*'  =  4.6S55749. 

tTbi*  rcfem  to  the  length  of  the  air-bubble  itself,  and  not  to  the  glass  tube* 
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curately  than  a  short  one.  Some  bubble-tubes  have  a  cham- 
ber at  one  end  connected  with  the  main  space  by  a  small  hole 
through  the  bottom  of  the  dividing  partition.  This  enables 
the  length  of  the  bubble  to  be  under  control.  As  ether  ex- 
pands  and  contracts  very  largely  with  temperature,  the  bubble 
is  apt  to  be  too  long  in  winter  and  too  short  in  summer  if  the 
chamber  is  not  used.  The  bubble-tube  should  not  be  rigidly 
confined  by  metallic  fastenings  about  its  centre,  if  the  value  of 
one  division  is  significant,  as  the  changes  of  temperature  will 
change  its  curvature.  Bubble-tubes,  or  level-vials  as  they  arc 
often  called,  may  be  sealed  by  glass  stoppers  set  in  a  glue 
made  by  dissolving  isinglass  in  hot  water,  and  covering  with 
gold-beater's  skin  set  with  the  same  glue,  the  whule  varnished 
over  when  dry. 

THE   ENGINKER*S   LEVEL. 

64.  The  Engineer's  Level  consists  of  a  telescopic  horizon- 
tal line  of  sight  joined  to  a  spiiit-level,  the  whole  properly 
supported  and  revolving  on  a  vertical  axis.  Such  an  instru- 
ment is  shown  in  Fig.  12.  The  vertical  parts  of  the  frame 
which  support  the  telescope  arc  called  wyes,  and  the  cylindri- 
cal bearings  on  the  tclcscopc-tubc  are  called  the  pivot-rings. 
The  telescope  can  be  lifted  out  of  the  wyes  by  loosening  the 
clips  over  the  rin^rs,  these  being  held  by  the  small  pins 
attached  to  strings  and  shown  in  the  cut.  A  clamp  and 
tangent-screw  arc  connected  with  the  axis  for  holding  it  to  a 
given  pointing  or  for  moving  it  horizontally  while  clamped. 
The  attached  bubble  enables  the  line  of  sight  in  the  telescope 
:o  be  brought  into  a  horizontal  position. 

The  construction  of  the  instrument  is  best  shown  by  the 
sectional  view  given  in  Fig.  13. 

The  objective  is  a  compound  lens,  the  two  parts  having 


ADJUSTMENT^    USE,   AND  CjiKE  OF  INSTRUMENTS,        6 1 


different  refractive  powers  \x\  order  that  the  image  may  be  flat. 
A  simple  tens  gives  a  spherical  image.    The  image  is  formed 


the  plane  of  the  cross-wires,  which  are  attached  to  the  reti- 
cle held  m  place  by  the  capstan-screws  shown  in  the  cut.    The 
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line  of  sight  is  the  line  joining  the  two  corresponding  ] 
in  object  and  image  with  which  the  intersection  of  the 
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Wires  coincide^.*  Evidently  thi=?  line  of  sight  may  lie  any* 
where  in  the  field  of  view  within  the  limits  of  movement  of 
theieticule.  The  line  of  coUimation  is  simply  the  true  posi- 
tion of  the  [ine  of  sight*  The  eye  piece  serves  only  to  mag- 
lify  the  image,  and  sometimes  to  invert  it,  as  is  the  case  in 

^tk  sectional  view  of  Fig,  13.  The  image  itself  is  always 
inverted;  and  if  this  be  examined  by  an  eye-piece  of  two 
5,  which  simply  magnifies  but  does  not  invert,  the  ob- 
ject VB  seen  in  an  inverted  position.     If  four  lenses  are  used 

I  in  the  eye-ptece,  it  re  inverts  the  image  so  that  the  object  is 

I  seen  erect.     This  results  in  a  loss  of  light  and  of  distinctness* 


ADJUSTMENTS  OF  THE  LEVEL. 

65,  To  make  the  Line  of  Si^bt  parallel  to  the  Axis  of 
the  Bubble. 

First,  or  hidirect,  Miilwd. — This  method  rests  on  the 
proposition  that  if  two  lines  are  parallel  to  a  third  line,  they  are 
pamlld  to  each  other.  This  method  is  indirect,  but  the 
manipulations  are  readily  performed.  It  is  the  usual  method, 
and  is  frequently  given  as  two  separate  adjustments. 

First,  bring  the  line  of  sight  to  coincide  with  the  centres  of 
the  pivot-rings  by  revolving  the  telescope,  bottom  side  up»  in 
Ihcwyes.  and  adjusting  the  reticule  until  the  intersection  of 
lit  wires  remains  on  a  fixed   point  of   the  image. f    If  the 

*Mort  conrcUy,  jt  is  the  lirre  joining  the  innrr  frimipai  fmnt  of  ihc  objcc- 
^n  with  that  point  of  the  image  covered  by  the  Intersection  of  the  cross-wires. 
^Flg,  6 It  and  note  to  same. 

f  The  optical  axis  of  a  lens  is  the  line  joining  the  centres  of  the  true  spherical 
(Uffaces  bounding  it*  If  lhi$  axis  is  not  coincident  wilh  the  axis  of  the  lele- 
«ttpe,  Of  ringrs.  owinq:  to  an  erroneous  adjusimetii  of  the  objective  slide  by  the 
^f^tws  near  the  centre  of  the  tekscope  \\xhc.  Fig.  I3»  or  the  improper  sctung  of 
Sbt  lens  in  'lis  case,  then  the  image  will  be  shifted  laterally  a  small  amount  equal 
to  Oieiaieral  deviation  of  the  two  *'  principal  points"  of  the  lens  from  each  other, 
lo  this  case  the  image  itself  wUl  appear  to  rotate  as  the  telescope  is  revolved. 
\i  now  the  centre  of  the  cross- wires  be  moved  so  as  to  remain  on  a  fixed  portion 
0[ij«ima^,  it  no  longer  occupies  the  axis  of  the  telescope,  but  the  line  of  sight 
%uQm  f&r*jiU:i<x  this  axis,  so  that  this  adjustment  siill  accomplishes  all  that  i 
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instrument  gives  an  erect  view  of  the  object,  there  is  one 
inversion  between  the  wires  and  the  eye,  and  therefore  the 
reticule  must  be  moved  in  the  direction  of  and  one  half  the 
amount  of  its  apparent  disphicement.  If  the  view  is  inverted, 
there  is  no  inversion  between  wires  and  eye,  and  therefore  its 
apparent  is  its  true  displacement. 

Second,  make  the  axis  of  the  bubble-tube  parallel  to  the 
bottoms  of  the  rings  by  reversing  the  telescope  end  for  end 
in  the  wyes  and  adjusting  the  bubble  until  it  remains  in  the 
centre  of  the  tube  for  the  two  positions.  The  telescope 
should  be  removed  and  replaced  with  great  care  so  as  not  to 
disturb  the  relative  elevation  of  the  wyes  by  any  jar  or  shock. 
The  axis,  of  course,  should  be  clamped  to  prevent  any  hori- 
zontal motion  in  making  cither  part  of  this  adjustment. 

This  method  is  based  on  an  assumption  which  may  or  may 
not  be  true.  It  is  that  the  pivot-rings  are  of  the  same  size, 
and  therefore  the  lines  joining  their  centres  and  bottoms  are 
parallel. 

To  find  the  relative  size  of  the  pivot-rings,  use  a  striding- 
level  resting  on  the  two  pivot-rings  and  read  in  reversed  posi- 
tions. Then  change  the  rings  in  their  sup})orts  and  read  the 
level  again  in  reversed  jDositions.  To  reduce  the  notes,  the 
value  of  one  division  of  the  striding-level  must  be  known.* 

The  objective  is  always  properly  centred  and  adjusted  when 
the  instrument  leaves  the  maker's  hands;  but  it  is  apt  to 
become  loose  in  its  frame,  and  this  frame  also  loosens  in  the 
telescope-tube.  If  the  glass  is  loose  in  its  frame,  unscrew  it 
from   the  telescope-tube  and   screw  up    tlie  tightening   band 


desired.  Or,  the  objective  may  have  its  optical  axis  coincident  with  that  of  the 
telescope  and  the  optical  axis  of  the  eye-piece  ;/<  /  parallel  lo  that  of  the  objec- 
tive, and  this  will  cause  the  im.t^e  and  wires  ir)  appear  to  rotate  together — when 
the  telescope  is  revolved.  This  need  cause  no  error  in  the  work,  but  should  bc 
adjusted  by  the  screws  shown  just  back  of  the  capstan  screws,  Fig.  13. 
*  See  adjustments  in  Precise  Levelling,  Chap.  XIV. 
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from  the  rear  side.  Do  not  take  the  glasses  apart  under  any 
circumstances^  for  they  are  ground  for  a  given  relative  position 
and  would  not  be  true  for  any  other.  A  loose  objective  is  a 
fatal  defect  in  a  levelling-instrumcnt  and  must  be  constantly 
guarded  against. 

Second^  or  Direct^  Method. — This  consists  in   adjusting  the 
bubble  directly  to  the  line  of  sight,  whether  this  be  in  the  cen- 
tre   of   the    pivot-rings  or  not.     It    is   sometimes   called    the 
'*  peg  adjustment."     Drive  two    pegs  on  nearly  level  ground 
about  200  feet  apart.     Set  the  level  about  eight  or  ten  inches 
from  one  of  them,  or  so  that  when  the  rod  is  held  upon  it  in  a 
vertical  position  the  eye  end  of  the  telescope  will  swing  about  a 
half  inch  from  its  face.    Turn  the  eye  end  of  the  telescope  upon 
the  graduated  face  of  the  rod,  the  bubble  being  in  the  middle  of 
its  tube;  look  through  the  object  end  and  set  a  pencil-point  on 
the  rod  at  the  centre  of  the  small    field   of  view,  which  should 
be  from  i  to  i  inch  in  diameter.     Read  the  elevation  of  this 
point,  which  we  will  call  a.     Hold  the  same  rod  on  the  distant 
peg  and,  with  the  bubble  in  the  middle,  set  the  target  on  the 
line  of  sight,  and  call   this  reading  /;.     Now  carry  the  instru- 
ment to  the  distant  peg,  set  it  near  it,  read  the  elevation  of  the 
instrument  as  before,  which   reading  we  will  call  a'  ;  carry  the 
rod  to  the  first  peg  and  set  the  target  on  the  line  of  sight,  giv- 
ing the  reading^'.     If  the  line  of  sight  had  been  parallel  to  the 
axis  of  the  bubble  in  each  case,  it  would  have  been  horizontal 
when  the  bubble  was  in  the  middle  of  the  tube,  and  hence  the 
difference  between   the  a  and  b  readings  in   each  case  would 
have  been    the    difference    of    elevation    of    the    pegs.*-      We 
should  therefore  have  had 

a^b^V^a' (i) 


•This  assumption  neglects  tht*  effect  of  the  earth's  curvature.  This  is 
eight  inches  to  one  mile,  and  is  proportional  to  the  square  of  the  distance.  For 
200  feet  it  would  be  about  o.ooi  of  a  foot,  and  twice  this,  or  0.002  of  a  foot,  is 
the  error  made  in  the  above  assumption. 
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If  the  line  of  sight  was  not  parallel  to  the  axis  of  the  bul> 

blc,  however,  then  the  differences  of  elevation  of  the  two  ^tg% 
as  obtained  by  the  two  sets  of  observations,  arc  not  equal,  and 
we  should  have 

{a-b)-W  ~a')  =  d (21 

Now  d  is  twice  the  deviation  of  the  line  of  sight  from  the 
bubble-axis  for  the  given  distance,  (Let  the  student  Construct 
a  figure  and  show  tliis/)  If,  therefore,  the  target  be  moved 
up  or  down  as  the  case  may  be,  a  distance  equal  to  \d^  tlier* 
the  line  of  sight  may  be  brought  to  this  position  by  the 
levelling  screws,  and  the  bubble  adjusted  to  bring  it  to  the 
middle,  or  else  the  instrument  may  be  left  undisturbed  with 
the  bubble  in  the  middle,  and  the  line  of  sight  adjusted  to 
read  upon  the  target  by  moving  the  reticule.  The  significant 
fact  is  that  by  moving  the  target  \d  from  its  last  positions 
true  horizontal  line  is  established,  and  either  the  bubble  or  the 
line  of  stght  can  be  adjusted  to  it  after  the  other  has  bctn 
brought  into  a  horizontal  position  by  means  of  the  levellin 
screws.     Equation  (2)  may  be  w*ntten 


{a  +  a)-{b^b')=d; 


from  which  it  may  be  seen  at  once  that  the  line  of  sigh! 
inclines  down  w^hen  d  is  positive,  and  up  when  d  is  negative* 
Wc  may  therefore  have  for  setting  the  target  the  following 

Rnk :  Add  togciher  the  two  heights  af  instrmncni  and  tin 
ttm  rod  readings,  subtract  the  latter  from  the  farmer,  and  takf 
oni'  half  the  remainder.  Move  the  target  by  this  unwufit  Jnnn 
the  b  reading,  up  when  posuive  and  d^wn  when  negative.  It 
then  in  a  horizontal  line  with  the  cross-wires  of  the  instrnn/ent. 

It  will  be  noted  that  no  distances  are  measured  fn  the  above 
method  as  is  usually  prescribed  in  peg-adjustments.  After 
adjusting  either  the  line  of  sight  or  the  bubble  at  the  second 
peg,  return  to  the  first  peg,  read  height  of  instrument  again, 
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and  then  read  the  rod  on  the  second  peg  for  a  check.  See  if 
this  new  value  oi  (a  ^  ^)  agrees  with  the  adjusted  value  of 
(^'  —  a*).     If  not,  adjust  again. 

This  method  is  independent  of  the  relative  size  of  the  pivot- 
rings  and  of  the  condition  of  the  objective,  (The  objective 
must  have  a  fixed  condition  or  no  adjustment  is  worth  any- 
thing,) Although  the  essential  relation  of  parallelism  is  ob- 
tained between  the  Hne  of  sight  and  the  bubble,  it  must  not 
K;  expected  that  the  telescope  can  be  reversed  in  the  wyes  or 
volved  180^  about  its  axis  without  both  these  auxiliary 
adjustments  appearing  to  be  in  error.  For  inasmuch  as  these 
two  lines  have  been  made  parallel  without  reference  to  the 
axis  of  the  telescope  or  to  the  bottoms  of  the  rings,  they 
probably  are  not  parallel  to  either  of  these.  If  the  first  meth- 
od is  used  and  the  adjustment  made,  it  should  stand  the  test 
of  the  second  (the  necessary  assumptions  being  true),  but  if 
adjusted  by  the  second  method  it  should  not  be  expected  to 
stand  the  test  of  the  first  method.  At  the  same  time  the 
second  method  is  absolute,  while  the  first  is  based  on  assump- 
tions that  are  often  untrue.  This  adjustment  should  be  exam- 
ined every  day  in  actual  practice, 

66.  To  bring  the  Bubble-axis  into  the  Vertical  Plane 
through  the  Axis  of  the  Telescope,— Turn  the  telescope 
slightly  back  and  forth  in  the  wyes,  and  note  the  action  of  the 
bubble.  If  it  remains  in  the  centre  the  adjustment  is  correct. 
If  not*  move  one  end  of  the  bubble  by  means  of  the  lateral 
adjusting-screws.  If  this  adjustment  is  very  much  in  error  ft 
should  be  made  approximately  right  before  going  on  with  the 
precedin^^  adjustment. 

67.  To  make  the  Axis  of  the  Wyes  perpendicular  to 
the  Vertical  Axis  of  the  Instrument,— This  is  to  enable  the 
telescope  to  be  revolved  horizontally  without  re-levelling. 
Level  the  instrument  in  one  position.  Revolve  180^  horizon- 
tally,  and  correct  one  half  the  movement  of  the  bubble  by  the 
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^*e-adjustment    and   the    otlier  half  by  the  levelliiig-screft^ 
Repeat  for  a  clieck. 

68.  Relative    Importance    of   Adjustments. — The   fir^ 

Adjustment    is  by  far  the  most  importanL     The  second  can 

m\y  enter  in  the  work  when  the  telescope  is  revolved  sU^htly 

)ni  its  true  position  in  the  wye^.     Most  modern  levels  have 

lome  device  for  holding  the  telescope  in  its  proper  position 

i'heii   in  use.     This  position  is  such  as  brings  the  horizontal 

I'ire  truly  horizorJal.     The   last   adju.^tment  given    is  only  a 

[natter  of  convenience.     It  saves  stopping  to  rclevel  after  re- 

Lolvinf^  thr  telescope.     It  docs  not  affect  the  accuracy  of  tk 

i^ork  appreciably.     It  is  absolutely  essential,  however,  that  tk 

tne  of  sij^ht  should  be  truly  horizontal  when  the  bubble  is  in 

jhc  naiddlc  of  the  tube,  or  reads  zero,  and  this  makes  the  first 

IdjuHinit^nt  here  j^ivea  of  such  vital  consequence, 

6g,  Focussing  and   Parallax— The  eye-piece  serves  to 
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position.  The  objective  may  now  be  moved  until  the  image 
also  comes  into  focus.  This  will  have  to  be  done  for  each 
pointing  if  the  distances  are  different.  If  the  image  is  not 
brought  into  exact  coincidence  with  the  cross-hairs,  these  will 
seem  to  move  slightly  on  the  image  as  the  eye  is  moved  behind 
the  eye-piece.  This  angular  displacement  of  the  wires  on  the 
image  is  cbWq^  parallax,  and  can  only  occur  when  they  are  not 
in  the  same  plane.  It  is  removed  by  rcfocussing  the  object- 
ive, thus  moving  the  image,  until  there  is  no  perceptible  rela- 
tive movement  of  wires  and  image  as  the  eye  is  shifted,  when 
they  are  practically  in  coincidence.  If  there  is  parallax,  the 
reading  may  be  in  error  by  its  maximum  angular  amount.  If 
the  eye  were  always  held  at  the  centre  of  the  eyepiece  there 
would  be  no  parallax,  and  it  is  to  accomplish  this  that  the  eye- 
piece is  covered  by  a  shield  with  a  small  hole  in  its  centre. 
Still,  the  slight  movement  of  the  eye  thus  allowed  is  sufficient 
to  cause  some  parallactic  error  if  the  wires  and  image  are  not 
practically  coincident.  When  the  eye-piece  is  once  adjusted  to 
distinct  vision  on  the  cross-wires  it  requires  no  further  atten- 
tion so  long  as  the  instrument  is  used  by  the  same  person. 
Another  person,  having  eyes  of  a  different  focal  range,  would 
have  to  readjust  the  eye-piece.  The  eye-piece  adjustment, 
therefore,  is  personal,  and  is  made  once  for  all  for  a  given  indi- 
vidual; while  the  objective  adjustment  depends  on  the  dis. 
tance  of  the  object  from  the  instrument,  is  made  for  each 
pointing,  and  is  considered  perfect  when  the  parallax  is  re- 
moved.* 


*  This  discussion  is  worded  for  an  erecting  telescope,  where  the  objective 
moves.  In  an  inverting  instrument  the  eye  piece  and  reticule  may  move  together 
in  the  telescope  while  the  objective  remains  fixed.  Here  the  image  takes  differ 
ent  positions  in  the  telescope-tube,  as  the  distances  vary,  and  the  cross-wires 
are  moved  to  suit.  There  is  also  a  motion  of  the  eye-piece  with  reference  to 
the  wires,  and  this  is  the  eye-piece  adjustment  ;  while  the  movement  of  both 
together  is  what  is  called  the  objective  adjustment  in  the  above  discussion. 


69a.  Architect's  Compass  Level,— Fig.  13^  is  a  cut 
cheap    but    very    useful  instrument  known    as    an  Architect*a 
Compass  Level/*     It  is  a  combination  of  a  level  and  a  needle 
compass,  and  is  used  for  laying  out  buildings,  running  ditches, 
street  grades,  and  especially  for  obtaining  both  a  plan  and  pro 
file  of  a  line  by  once  running  it.     A  great  deal  of  work  wa^ 
done  on  the   Mississippi  River  Survey  with  an  improvised  IJI 
strument  of  this  kind,  in  running  trans-alluvial  level  lines  fror 
bluff  to  bluff  across  the  battom  lands  subject  to  overflow. 
similar  instrument,  without  the  compass-boXj  but  having  thd 
graduated   circle,  reading  by  vernier  to  five  minutes  of  arc.  is" 
manufactured   by  several  instrument -makers.     It  is  called  ari^ 
architect's  level,  and  is  very  generally  used  by  architects  and  b]^H 
surveyors  in  rural  practice*     These  instruments  cost  only  about 
one-half  as  much  as  the  standard  engineer's  leveL    They  have  no 
clamp  and  tangent  screws,  but  this  is  not  a  serious  objection* 


*  Manufactured  by  Queen  &  Co.,  of  rhilttdGlphTa,  Pa. 
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THE   LEVELLING-ROD, 

70.  The  Levelling^-rod  is  used  to  measure  the  vertical  dis- 
tance from  the  line  of  sight  down  to  the  tuniing-point  of 
bench-mark.  There  are  two  general  classes.  Self- reading,  or 
Speaking,  and  Target  Rods. 

A  Sei/'reading,  or  Speaking,  Rod  is  one  so  graduated  as  to 

enable  the  observer  to   note  at  once  the  reading  of  the   point 

lA'bich  lies  in  the  line  of  sight,  this  reading  being   m  all  cases 

the  distance  to  the  bottom  of  the  rod.     The  rod -man  here  has 

nothing   to  do  but  to  hold  the  rod  vertical*     The  observer 

notes  and  records  the  reading. 

-1  Targei-r^h  furnished  with  a  sliding  target  moved  by  the 
^iQclman   in  response  to  signals  from  the  ob- 
sen'cr  until  it   accurately  coincides  with   the 
line  of  sight.     Its  position  is  then  read  with 
great  accuracy  by  means  of  a  vernier  scale. 

Fig.  14  is  one  form  of  self- reading  rod 
which  is  also  fitted  with  a  target.  This  is 
called  the  Philadelphia  rod.  Fig.  14^  is  the 
New  York  rod,  and  \%  not  self-reading.  It  is 
the  standard  target  rod  used  in  this  country. 
The  one  here  shown  is  In  three  sections, 
whurcas  those  in  common  use  are  in  two 
^^ti^  only. 

It  is  necessary  that  the  rod  be  held  vertical 
when  in  use,  and  on  sloping  ground,  or  when 
the  wind  is  blowing,  it  is  difficult  to  do  this. 
To  insure  a  vertical  rod,  therefore,  especially 
j^  the  plane  of  the  line  of  sight,  two  level- 
Embbles  are  sometimes  attached,  such  as  shown  in  the  accom- 
panying cuts*  When  not  in  use  they  can  be  removed  and 
Mded  up  as  shown. 

Another  method  of  attaining  the  same  end  is  by  means  of 
Thompson's  Levelling  Target,  shown  in  Fig.  \^a.      This  target 
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IS  bent  at  right  angles,  and  so  lies  against  two  faces  of  the  rod. 
If  held  so  that  both  faces  show,  the  middle  dividing  line  will 
appear  as  a  broken  line  when  the  rod  is  not  vertical. 

Most  targets  slide  on  the  rod,  and  have  a  clamp  screw  and 
springs.  When  the  rod  is  wet,  the  target  is  apt  to  stick  and 
move  with  a  jerking  motion.  The  target  shown  in  Fig.  15  is 
mounted  on  rollers  in  order  to  obviate  this  difficult}.* 

Various  patterns  of  self-reading  rods  are  used.  For  rough 
work  a  twelve- or  fourteen-foot  rod,  2  inches  wide  and  \\  inches 
thick,  painted  and  fitted  with  an  iron  or  brass  shoe  at  bottom, 
graduated  to  hundredths  of  a  foot,  will  be  found  very  efficient. 
The  graduations  should  be  so  distinct  that  they  can  be  read 
through  the  telescope  at  a  distance  of  five  or  six  hundred  feet. 

THE   USE   OF   THE    LEVEL. 

71.  The  Level  is  used — 

(cC)  To  find  the  relative  elevation  of  points  a  considerable 
distance  apart. 

(^)  To  obtain  the  profile  of  a  line. 

(c)  To  establish  a  grade. 

These  objects  may  be  more  or  less  intermingled  in  any 
given  piece  of  work.  Whatever  may  be  the  ultimate  object  of 
the  work,  however,  the  immediate  object  for  any  given  setting 
of  the  instrument  is  to  find  how  much  higher  or  lower  a  certain 
forward,  or  unknown,  point  is  than  a  certain  other  back,  or 
known,  point.  Thus,  the  rod  being  held  on  the  known  point, 
.  the  line  of  sight  is  turned  upon  it  and  the  rod-reading  gives  at 
once  the  height  of  instrument  above  that  point.  If  the  rod  be 
now  held  on  the  forward,  or  unknown,  point,  and  the  line  of 
sight  turned  upon  it,  this  rod-reading  gives  the  distance  of  that 
point  below  the  line  of  sight.  The  reading  on  the  known 
point  is  called  the  back-sight,  and  that  on  the  unknown  point 
is  called  the  fore-sight.  If  the  elevation  of  the  known  point 
be  given,  we  find  the  elevation  of  the  line  of  sight  by  adding 

*  Both  these  targets  are  manufactured  by  Kcufel  &  Esser.  New  York. 
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the  rod-reading  at  that  point.  By  subtracting  from  this  elev* 
tion  the  reading  on  the  unknown  point,  the  elevation  of  that 
point  is  obtained.  Thus  we  have  found  the  relative  elevations 
of  the  two  points  by  referring  them  both  to  the  horizontal 
plane  through  the  instrument.  Since  the  back<sight  reading 
gives  the  elevation  of  the  instrument,  and  since  this  is  always 
greater  than  the  elevation  of  that  point,  it  follows  that  the 
,  back-si<Tht  reading  is  essentially  positive.  For  a  similar  reason 
'  the  foic-sight  reading  is  essentially  negative,  since  any  point 
on  which  the  rod  is  held  is  lower  than  the  line  of  sight 
It  will  also  be  seen  that  there  can  be  but  one  back-sight  (un- 
less the  height  of  the  instrument  is  to  be  found  from  readings 
on  several  known  points,  and  the  mean  taken),  while  there  can 
be  any  number  of  fore-sights  from  one  instrutnent  position. 
Thus,  the  height  of  the  instrument  having  been  determined, 
the  elevations  of  any  number  of  points,  in  any  direction,  may 
be  determined  by  referring  them  all  to  the  horizop.tal  plane 
through  the  instrument,  whose  elevation  has  been  obtained  by 
the  single  back-sight  reading.  It  is  also  important  to  remem- 
ber that  the  terms  **  back-sight"  and  "  fore  sight"  have  no 
reference  to  directions  or  points  of  the  compass,  but  they  do 
have  a  rational  significance  when  we  think  of  the  work  pro- 
ceeding from  the  known  point  to  the  unknown  point  or  points. 
Thus,  we  refer  back  to  the  known  point  for  height  of  instru- 
ment,  and  then  transfer  this  knowledge  forward  to  the  points 
whose  elevations  we  wish  to  find. 

diffl:rp:ntial  lfa'elling. 

72.  Differential  Levelling  consists  in  finding  the  differ- 
ence of  elevation  of  points  a  considerable  distance  apart.  The 
elevation  of  the  first  point  being  known  or  assumed,  the  differ- 
ence of  elevation  between  this  and  any  other  point  is  found 
and  added  algebraically,  thus  givin;^  the  elevation  of  the  second 
point.  The  '*  ]>lane  of  reference"  is  the  surface  of  zero-elev'a- 
tion  and  is  L;(.ner.jlly  called  the   ••datum  plane.'*     This  is  not 
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eally  a  plane  but  a  level  surface,  according  to  the  definition 
jiven  in  art.  60.     It  is,  however,  universally  denominated  the 
'plane  of   reference,**    **  datum   plane,**  or   simply  "datum.** 
The  problem,  then,  is  to  find  the  difference  of  elevation  between 
:wo  distant  points.     If  the  points  were  near  together  and  had 
lot  too  great  a  difference  of  elevation,  a  single  setting  of  the 
instrument  would  be  sufficient.     If  they  are  too  far  apart  for 
this,  either  in  distance  or  in  elevation,  then   more  than  one 
setting  of  the  instrument   must  be  made.      In   this  case  the 
intervening  points  occupied  by  the  rod  arc  called  turning-points, 
the  terminal  points  being  called  bench-marks.     The  successive 
differences  of  elevation  of  these  turning-points  is  determined 
by  setting  the  level  equally  distant  from  them,  and  so  they 
serve  to  divide  up  the  total  distance  between  terminal  points 
into  a  series  of  short  spaces,  each  of  which  can  be  covered  by 
a  single  setting  of  the  instrument.     Tiic  successive  differences 
o{  elevation  of  turning-points  being  found,  tiicir  algebraic  sum 
would  be  the  difference  of  elevation  of  the  terminal  points,  or 
bench-marks.     But    since   all    the    back-sights  are   essentially 
positive  and  all  the  fore-sights  arc  essentially  negative,  we  may 
at  once  add  all  the  back-sights  together  and  all  the  fore-sights 
together,  and   take  the  difference  of  the   sums.     This  is  the 
[    difference   of  elevation  between  terminal  points,  and  has  the 
sign  of  the  larger  sum,  the  back-sights  being  positive  and  the 
[    fore-sights  negative.     This  difference  of  elevation  added  alge- 
braically to  the  elevation  of  the  initial  point  gives  the  elevation 
of  the  final  point.     Evidently  the  route   travelled   in  passing 
:    from  one  bench-mark  to  another  is  of  no  consequence  so  long 
'    as  the  true  difference  of  elevation  is  obtained. 

73.  Length  of  Sights. — Where  the  ground  is  nearly  level 
it  is  desirable  to  make  the  length  of  sights  (distance  from 
instrument  to  rod)  as  long  as  practicable,  in  order  to  increase 
the  rate  of  progress.  For  the  best  work  this  distance  may  be 
from  100  to  300  feet,  acconling  to  tlie  state  of  the  atmosphere. 
When  the  air  and  ground  differ  greatly  in  temperature  there 
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IsLilt^innumerabltr^  Httk^  upWcird   and   downward   currents  ol 
If,  tiic  ujMvaid   bcin^  warmer   than   tl^e  downward    currents 
Ihc  wiiniicr  air  \s  more  rarefied  than  the  colder,  and  thus  a  j 
[y  of  hi4ht  ]>a!^sing  from  the  rod  to  tlie  instrument  passes  altcr- 

itely  throu^di  dcn^cr  and  rarer  media,  each  change  produeirig  | 
IsHi^ht  refraction  of  the  ray.  This  causes  a  peculiar  tremulous  ' 
jndition  of  the  image  in  the  telescope^  so  that  it  is  difficult  to 

^t ermine  just  what  part  of  it  is  covered  bjMhe  crass-hairs.    M 

tell  times  the  air  is  said  to  be  "trembling'  or  **  dancing  *  or 
(unsteady/'     It  always  occurs  more  or  less  in  clear  weather, 

nng  to  the  earth  then  bein^  hotter  than  the  airland  it  varies 
lith  the  quality  of  the  soil,  cinders  or  gravel  being  very  bad. 

^hen  the  air  is  in  this  condition  the  length  of  sights  should 
shortened. 

Thv  biick  and  fort'  sights  for  any  setting  of  the  instrmmnl 
\ould  always  be  equal  in  length.     Levelling  is  the  only  kind  of 
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in  the  opposite  direction  by  the  same  amount.     The  equality 
of  sights  can  be  determined  by  pacing  with  sufficient  accuracy, 

74.  Bench-marks  are  fixed  points  of  more  or  less  perma- 
nent character  whose  elevations  are  determined  and  recorded 
for  future  reference.  The  general  and  particular  location  of  a 
bench-mark  should  be  so  distinctly  described  that  any  one 
could  find  it  from  its  description.  Whenever  the  work  is  tem- 
porarily interrupted  a  temporary  bench-mark  is  set,  such  as 
a  substantial  stake  driven  into  the  ground,  or  a  spike  in  the 
root  of  a  tree.  The  prime  requisite  of  a  good  bench-mark  is 
that  it  shall  not  change  its  elevation  during  the  period  in 
which  it  is  to  be  used.  If  this  period  is  not  more  than  two  or 
three  years,  a  spike  driven  in  the  spreading  root  of  a  tree 
near  the  trunk  and  well  above  ground  will  serve.  The  wood 
should  be  trimmed  away  from  it  so  as  to  leave  a  projecting 
spur  that  will  not  be  overgrown.  Tiic  tree  itself  should  then 
be  marked  by  notching  or  otherwise,  and  carefully  located  in 
the  description. 

If  the  mark  is  to  serve  for  from  five  to  fifty  years,  stone  or 
brick  structures  or  natural  rock  should  be  selected.  The  water- 
tables,  or  corners  of  stone  steps,  of  buildings,  copings  of  founda- 
tion and  retaining  walls,  piers  and  abutments  of  bridges,  or 
copper  bolts  leaded  in  natural  rock  may  serve.  If  artificial 
structures  are  chosen,  those  should  be  selected  which  have 
probably  settled  to  a  fixed  position,  and  for  this  reason  old 
structures  are  preferable  to  new  ones. 

When  stakes  are  used  for  temporary  benches  it  is  often 
advisable  *^o  set  two  or  even  three  for  a  check.  In  tiiis  cdse 
the  mean  elevation  is  tlie  elevation  used.  In  .starting  from 
such  a  series  of  benches  there  would  be  as  many  back-sights 
for  the  first  setting  of  the  instrument  as  there  were  benches, 
the  mean  of  which,  added  to  tlie  mean  elevation  of  the  benches, 
would  give  the  height  of  instrument.  In  running  a  continuous 
line  of  levels  it  is  advisable  to  set  a  bench  mark  at  least  as 
often  as  one  to  the  mile. 
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75.  The  Record  in  differential  levelling  is  very  simple 
The  bubble  always  being  put  in  the  middle  of  the  tube,  and 
the  rod-positions  chosen  equally  distant  from  the  instrument, 
the  bubble-reading  and  the  length  of  sights  may  be  omitted 
from  the  record,  unless  some  knowledge  of  the  distance  run  is 
desired,  when  the  length  of  sights  may  be  inserted. 

Form  of  Record  for  Differential  L£VEi.UNa 


No.  of 
Station. 

Back-sights. 

Fore-sights. 

Elevation  of 
Mean  Benches. 

««-*. 

3.426 

3.878 

4.879       . 
3.472 

96.301 

94.718 

B.  S.  oa  B.  M.  31 
..     "      •'      31a 

I 
2 

3.652 
4.517 

3.216 

3 

4.361 
4.873 

F.  S.  on  B.  M.  32 
"     "      "       32a 

4617 

+11.385 

—  12.968 
+11.385 

-   1.583 

It  will  be  seen  that  the  mean  of  the  readings  on  the  two 
bench-marks  was  used  in  each  case.  The  back-sights  being 
essentially  positive  and  tlie  fore-sights  essentially  negative. 
these  signs  are  prefixed  to  the  sums,  and  the  algebraic  sum  of 
these  gives  the  elevation  of  the  forward  above  or  below  the 
rear  benches.  This  added  to  the  elevation  of  the  initial  point 
gives  the  elevation  of  the  final  point.  These  points  are  the 
mean  elevation  of  two  bench-marks  in  the  example  given. 

76.  The  Field-work  should  be  done  with  great  care  if 
the  best  results  are  to  be  obtained.  The  instrument  should  be 
adjusted  every  day,  especially  the  parallelism  of  bubble-axis 
and  line  of  sight.  The  instrument  and  rod  should  both  be  set 
in  firm  ground.     An  iron  pin,  about  one  inch  square  at  top. 
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six  to  eight  inches  long,  and  tapering  to  a  point,  should  be 
used  for  the  turning-point.  A  rope  or  leather  noose  should  be 
passed  through  an  eye  at  top  to  serve  as  a  handle.  To  hold 
the  rod  upright  the  rodman  should  stand  squarely  behind  it 
and  keep  it  balanced  on  the  pin.  When  the  target  is  set  and 
clamped  the  rodman  reads  it  and  records  it  on  a  paper  he  car- 
ries for  the  purpose.  He  then  carries  it  to  the  observer,  if  it 
was  a  back-sight  reading,  or  he  awaits  the  coming  of  the  ob- 
server if  it  was  a  fore-sight  reading,  when  the  observer  also 
reads  it  and  records  it  in  his  note-book.  The  rodman  then 
calls  off  his  reading,  and  the  observer  notes  its  agreement  with 
his  recorded  reading.  In  this  way  two  wholly  independent 
readings  are  obtained  and  any  erroneous  reading  corrected. 
Errors  of  one  foot  or  one  tenth  are  not  very  uncommon  in 
reading  target  rods.  The  rodman  should  be  especially  careful 
to  protect  the  turning-point  from  all  disturbances  between  the 
forward  and  back  readings  upon  it.  The  observer  must  not 
only  obtain  an  accurate  bisection  on  the  target,  but  he  must 
know  that  the  bubble  is  accurately  in  the  centre  of  the  tube 
when  this  bisection  is  obtained.  When  the  observer  walks  for- 
ward to  set  his  instrument  he  counts  his  paces,  and  takes  as 
long  a  sight  as  the  nature  of  the  ground  or  the  condition  of 
the  atmosphere  will  allow.  When  the  rodman  comes  up  he 
counts  his  paces  to  the  instrument  and  then  goes  the  same  dis- 
tance in  advance.  Thus  the  observer  controls  X\\t  length  of 
sights,  making  them  whatever  he  likes ;  and  it  is  the  business 
of  the  rodman  to  see  that  the  back-  and  fore-sight  for  every 
instrument-station  are  equal. 

PROFILE   LEVELLING. 

77.  In  Profile  Levelling  the  object  is  to  obtain  a  profile  of 
the  surface  of  the  ground  on  certain  established  lines.  Here 
both  the  distances  from,  and  the  elevation  above,  some  fixed 
initial  point  must  be  obtained.  When  the  line  is  laid  6\xi 
stakes  are  usually  driven  every  imndred   feet,  these  positions 
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being  obtained  by  a  chain  or  tape.  It  is  now  the  business  of 
the  leveller  to  obtain  the  elevation  of  the  ground  at  each  of 
these  stakes,  and  at  as  many  other  intermediate  points  as  may 
be  necessary  to  enable  him  to  draw  a  fairly  accurate  profile  of 
the  ground.  The  icx>-foot  stakes  are  usually  numbered,  and 
these  numbers  are  entered  on  the  level  record.  The  inter- 
mediate points  arc  called  pluses.  Thus,  a  point  40  feet  beyond 
the  twenty-fifth  loofoot  stake  is  called  25  +  40,  being  really 
2540  feet  from  the  initial  point.  It  is  evident  that  no  plus- 
distance  can  be  more  than  100  feet,  and  these  are  usually  paced 
by  the  rodman.  The  intermediate  points  are  selected  with 
reference  to  their  value  in  determining  the  profile.  These  are 
points  where  the  slope  changes,  being  mostly  maximum  and 
minimum  points,  or  the  tops  of  ridges  and  bottoms  of  hollows. 
Turning-points  are  selected  at  proper  distances,  depending  on 
the  accuracy  required,  and  these  may  or  may  not  be  points  in 
the  line  whose  profile  is  desired.  The  le veiling-instrument  also 
is  not  set  on  line,  if  it  is  found  more  convenient  to  set  it  off  the 
line. 

In  profile  levelling,  since  absolute  elevations  with  reference 
to  the  datum-plane  are  to  be  obtained  from  every  instrument- 
position,  it  is  necessary  to  find  the  height  of  instrument  above 
datum  for  every  setting,  and  from  tliis  height  of  instrument, 
obtained  by  a  single  back-sight  reading  on  the  last  turning- 
point,  the  elevations  of  any  number  of  points  are  found  by  sub- 
tracting tlie  readings  upon  them. 

78.  The  Record  in  profile  levelling  is  much  more  elaborate 
than  in  differential  levelling.  The  following  form  is  considered 
very  convenient  for  profile-work  where  the  line  has  been  laid 
out  and  lOO-foot  stakes  set  :* 


*Thi3  sample  paijc  whs  ((Mitrilnitp.i  to  En-^itifcriv^i^  A'l'ics  in  June,  1879,  ^"^ 
the  form  of  record  is  crediied  to  Mr.  E.  S.  Walu-rs.  a  railroad  engineer  of  large 
experience. 
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Guatemala  and 

Honolulu  Railroad.     Feb.  30,  1876 

B.  S. 

El.  of  T.  P. 
and  B.  M. 

F.  S. 

1      H... 

206.049 

I.  s. 

S.  E. 

Sla. 

B.  M. 

188  +  44 
189 
190 

+  30 

191 
+  20 

192 
T.  P. 

193 
+  50 
B.  M. 

194 

195 
T.  P. 

196 

197 
+  60 

+  ^5 
198 

I9<; 

T.  P. 

+  35 
200 
201 

Remarks. 

XO.552 

195-497 

9-32 
II. 41 
7.01 
2.07 
1.62 
0.38 
0  82 

196.73 
194.64 
199.04 
203 . 98 

204.43 
205.67 
205.13 

0.515 

202.797 

3.252 

203.312 

3.10 
2.70 

5-264 

8.20 

9-35 

200.21 
200.61 

195. II 
193.96 

I9S.048 

3. 411 

194.840 

8.472 

198.251 

4.28 
5.06 
7.20 
10.60 
7.00 
5.46 

193-97 
193.19 
191.05 
187.65 
191.25 
192.79 

9.527 

195  083        3.168 

204.610 

10.25 
S.62 
6.04 

194.36 
195-99 
198.57 

24.005 
14.892 

14.892 

1    .... 

9. 113 

...      .   1 



In  the  above  headings,  B.  S.  denotes  back-sight;  F.  S.,  fore-sight ;  I.  S., 
intermediate  sight ;  H.  I.,  height  of  instrument :  T.  P.,  turning-point ;  B.  M., 
bench-mark  ;  S.  E..  surface-elevation  ;  Sta.,  station. 


It  will  be  noted  that  there  is  but  one  back-sight  and  one 
height  of  instrument  for  each  setting.  The  back-sight  and 
fore-sight  readings  from  the  same  instrument-station  are  not 
found  here  on  the  same  line,  as  in  differential  levelling,  but  the 
fore-  and  back-readings  on  the  same  turning-point  are  on  the 
same  line.  Thus,  the  rod  was  first  read  on  the  bench-mark 
whose  elevation  was  known  to  be  195.497  feet  above  datum. 
The  reading  on  this  bench  was  10.552.  thus  giving  a  height  of 
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instrument  of  206.049.  This  is  marked  B.  M.  in  the  station 
column,  and  evidently  has  but  one  reading  upon  it  in  starting 
the  work  from  it.  A  series  of  intermediate  sights  are  then 
taken  at  various  loo-foot  stakes  and  pluses,  the  readings  on 
which,  when  subtracted  from  the  H.  L,  give  the  surface-eleva- 
tions at  those  points.  When  the  work  has  progressed  as  far  in 
front  of  the  instrument  as  the  B.  M.  was  back  of  it,  a  turning- 
point  is  set,  and  the  reading  upon  it  recorded  in  the  column  of 
fore-sights.  This  reading  was  3.252,  which,  subtracted  from  thp 
H.  I.  206.049,  gives  202.797  as  the  elevation  of  the  turning- 
point.  The  instrument  is  now  moved  forward  and  a  back 
sight  reading  taken  upon  this  T.  P.  of  0.5159  which  added  to 
202.797  gives  203.312  as  the  new  H.  I.  At  this  setting  a  new 
bench  was  established  by  taking  an  intermediate  sight  upon  it 
of  5.264,  and  writing  the  elevation  in  the  B.  M.  column  instead 
of  in  the  S.  E.  column.  The  readings  on  bench-marks  and 
turning-points  are  made  to  thousandths,  while  the  intermediate 
sights  for  surface-elevation  are  read  only  to  hundredths  of  a 
foot.  The  last  height  of  instrument  is  checked  by  adding  the 
back-sights  and  fore-sights,  taking  the  difference  and  applying 
it  to  the  elevation  of  the  initial  point  with  its  proper  sign,  re- 
membering that  back-sights  are  positive  and  fore-sights  negative. 
The  profile  is  now  constructed  by  the  data  found  in  the  S.  E. 
and  Sta.  columns,  these  being  adjacent  to  each  other.  One 
of  the  great  merits  of  this  form  of  record  is  that  wherever 
it  is  necessary  to  combine  any  two  numbers  by  addition  or 
subtraction,  they  are  found  in  adjacent  columns.  In  construct- 
ing the  profile,  some  kind  of  profile  or  cross-section  paper  is 
used,  and  the  horizontal  scale  made  much  smaller  than  the 
vertical.  Thus,  if  the  horizontal  scale  were  400  feet  to  the 
inch,  the  vertical  scale  might  be  10  or  20  feet  to  the  inch. 
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LEVELLING  FOR  FIXING  A   GRADE. 

79,  In  fixing  a  grade  the  profile  may  be  obtained  and 
the  grade  marked  upon  it.  The  vertical  distance  between  the 
surface-line  and  the  grade-line,  at  any  point  is  the  depth  of 
cut  or  fill  at  that  point,  and  this  may  be  marked  on  the  line 
stakes  at  once,  without  the  aid  of  the  level  or  rod,  if  only  the 
centre  depths  are  desired,  as  in  the  case  of  a  ditch  or  trench. 
If  the  sides  are  to  have  a  required  slope,  however,  the  level 
and  rod  are  necessary  to  fix  the  horizontal  distance  of  the 
limiting  or  "  slope"  stakes  from  the  centre  stakes  whenever 
the  ground  is  not  strictly  a  level  surface.  This  operation  is 
called  **  cross-sectioning,"  and  is  described  in  Chapter  XI 1 1., 
on  Determination  of  Volumes, 

If  the  grade  be  known  before  the  profile  is  determined,  to- 
gether with  the  absolute  elevation  of  tiie  initial  point,  as  is 
sometimes  the  case  with  ditches  and  trenches  for  pipe  lines  or 
sewers,  then  the  depth  of  cut  (or  fill)  may  be  at  once  deter- 
mined and  marked  on  the  line  stakes  when  the  profile  is  taken. 
The  form  of  record  might  be  the  same  as  given  above  for  pro- 
file levelling,  with  the  addition  of  two  columns  after  the  *'  Sta- 
tion" column,  one  being  Elevation  of  Grade,  and  the  other  Cut 
or  Fill.  The  elevation  of  grade  would  be  found  for  each  pro- 
file point  by  adding  if  an  up,  and  subtracting  if  a  down,  grade, 
the  differences  of  elevation  corresponding  to  the  successive 
distances  in  the  profile.  The  difference  between  the  corre- 
•^ponding  "surface-elevation"  and  **  elevation  of  grade"  would 
be  the  cut  or  fill  at  each  point,  which  could  be  at  once  taken 
out  and  marked  on  the  line  stake. 

THE   HAND-LEVEL. 

80.  Locke's  Hand-level  is  a  very  convenient  little  instru- 
ment for  rough  work,  such  as  is  done  on  reconnaissance  expedi- 
tions.    It  consists  of  a  telescope  with  a  bubble  attached  in 
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such  a  way  that  the  position  of  the  bubble  is  seen  by  l0okiii5 
through  the  telescope.  A  horizontal  line  of  sight  is  thtis 
jfcadily  determined.     It  is  supposed  to  be  adjusted  once  /or  alL 


EXERCISES  WITH  THE  LEVEL. 

8l.  AdjuBt  tbe  bubble  lo  ihe  line  of  si^ht  by  the  first,  or  iTiiitrect.  noettM 
and  then  test  it  by  the  second,  or  direct,  method*     If  this  secomJ  method  dow 
not  show  it  to  be  in  adjustment,  where  docs  the  error  lie  ? 

SZi  Cause  the  line  of  stght  and  bubble-axis  to  make  a  cotistderabk  »ngle 
wiih  each  other  (that  is,  put  It  badly  out  af  adjustment  in  this  particularj,  and 
level  arotind  a  block  or  iwo^  closing  on  the  starting  point,  being  tarcfu!  to 
make  back  and  fore  sights  as  nearly  equal  as  possible.  Of  course  the  tn^i 
elevation  of  the  point  should  agree  with  lUc  assumed  mitial  elevation.  The 
diflerence  of  these  elet^ations  is  the  error  of  closure  of  the  level  polygon*  II 
the  back  and  fore  sights  were  exactly  equal  this  should  be  zero,  notwithstand- 
ing the  erroneous  adjosiment* 

83,  Put  the  instrument  in  accurate  adjustment,  and  level  over  the  same 
polygon  as  before,  making  the  back  and  fore  sights  quite  unequal,  and  note  the 
error  of  closure*  If  the  instrument  w<jre  in  exact  adjustment  and  there  were 
00  errors  of  observation,  should  the  error  of  closure  be  stero  ? 

84.  Ran^e  out  a  line  on  uneven  ground  about  a  half-mile  in  length,  and  set 
..stakes  every  hundred  feel.     Let  each  student  determine  the  profile  indepcn- 

lently.  When  all  have  finished,  let  them  copy  their  profiles  on  the  same  piece 
^of  tracing-cloth,  starting  at  a  commoti  point*  The  vertical  scale  should  be 
large,  so  as  to  scatter  the  several  profile  lines  sufficiently  on  the  tracing.  Each 
profile  should  be  m  a  different  color  or  character  of  line* 

85^  Select  a  line  on  nearly  level  ground,  about  a  haU-milc  in  length.  Estab- 
lish a  sub5taniial  bench-mark  at  each  end*  Let  each  student  determine  the 
difference  of  elevation  of  these  benches  twice,  running  forward  and  back*  See 
if  the  results  are  affected  by  the  direction  tn  which  the  line  is  run. 

If  each  student  could  do  this  several  limes  some  evidence  would  be  ob* 
tained  as  to  there  being  such  a  thing  as  **  personal  equation'*  in  levelling;  that 
is,  each  person  lending  to  always  obtain  results  too  high  or  too  low.  Why  i* 
it  improbable  that  there  could  be  any  personiil  equation  in  levelling? 
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CHAPTER  IV. 

INSTRUMENTS  FOR  MEASURING  ANGLES. 

THE   TRANSIT. 

86.  The  Engineer's  Transit  is  the  most  useful  and 
universal  of  all  surveying-instruments.  Besides  measuring 
horizontal  and  vertical  angles  it  will  read  distances  by  means 
of  stadia  wires,  determine  bearings  by  means  of  the  magnetic 
needle,  do  the  work  of  a  solar  compass  by  means  of  a  special 
attachment,  and  do  levelling  by  means  of  a  bubble  attached 
to  the  telescope.  It  is  therefore  competent  to  perform  all  the 
kinds  of  ser\'ice  rendered  by  any  of  the  instrunumts  heretofore 
described,  and  is  sometimes  called  the  **universal  instrument." 
A  cut  of  this  instrument  is  shown  in  I'ig.  17.  Vv^.  18  is  a 
sectional  view  through  the  axis  of  a  transit  of  different 
manufacture. 

The  telescope,  needle-circle,  and  vernier  plates  are  rigidly 
attached  to  the  inner  spindle  which  turns  in  the  socket  C» 
F'ig.  18.  This  portion  of  the  instrument  is  called  th-:  alidade, 
as  it  is  the  part  to  which  the  line  of  sight  is  attac  hed.  I  he 
socket  C  carries  the  horizontal  limb,  shown  at  /A  and  may 
itself  revolve  in  the  outer  socket  attached  to  the  leveliiir^-iitrad. 
Either  or  both  of  these  connections  may  be  made  ri^id  by 
means  of  proper  clamping  devices.  If  tlie  iiorizonta!  iiinb /> 
be  damped  rigidly  to  the  ieve'.iiig-head  and  the  aiid.vie  spindie 
be  allowed  to  revolve,  then  horizontal  arigie-  may  be  read  by 
noting  the  vernier-reading-  on  ti.e  fixed  hrrizonta!  !:mb  for 
the  different  pointings  of  tele-cope.  I*  t::e  ;.'.ri/o:.t.i'.  iimb 
itself  be  set  and  clamped  so  that  one  of  the  verniers  reads  zero 
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wheB  the  telescope  is  on  the  meridian,  then  for  any  other 
pointing  of  the  telescope  the  reading  of  this  same  vernier 
gives  the  true  azimuth  of  the  line.  It  is  necessary,  therefore, 
lohave  two  independent  movements  of  telescope  and  horizon^ 
tal  limb  on  the  same  vertical  axis.  The  magnetic  needle  is 
shown  at  N.  The  plumb-line  is  attached  at  P\  this  should 
always  be  in  tlie  vertical  line  passing  through  the  centre  of 
the  g^raduated  horizontal  circle.     This  will  be  the  case  when 


I 


it  is  attached  directly  to  the  axis  itself,  for  this  must  always 
be  made  verticaL 

The  limb  is  graduated  from  zero  to  360^,  and  sometimes 
with  a  second  set  of  figures  to  90°  or  180''^  There  are  two 
verniers  reading  on  tlie  horixootat  limb  180°  apart.  Both  the 
instrymcnts  shown  in  Figs,  17  and  18  have  shifting  centres, 
enabling  the  final  adjustment  of  the  instrument  over  a  point 
to  be  made  by  moving  it  on  the  tripod-head.  The  telescope 
i*  shorter  than  those  used  in  Icvelling-instruments  in  order 
that  it  may  be  revolved  on  its  horizontal  axis  without  having 
the  standards  too  high.     It  is  called  a  transit  instrument  on 
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account  of  this  movement,  which  is  similar  to  that  of  an 
astronomical  transit  used  for  observing  the  passage  (transit) 
of  stars  across  any  portion  of  the  celestial  meridian.  When 
the  telescope  is  too  long  to  be  revolved  in  this  way  the  instru- 
ment is  called  a  theodolite.  This  is  the  only  essential  differ- 
once  between  them.*  The  "  plain  transit "  has  neither  a 
vertical  circle  nor  a  bubble  attached  to  the  telescope. 

ADJUSTMENTS  OF  THE  TRANSIT. 

87.  The  Adjustments  of  the  Engineer's  Transit  are 

such  as  to  cause  (i)  the  instrument  to  revolve  in  a  horizontal 
plane  about  a  vertical  axis,  (2)  the  line  of  collimation  to  gen- 
erate a  vertical  plane  through  the  instrument-axis  when  the 
telescope  is  revolved  on  its  horizontal  axis,  (3)  the  axis  of  the 
telescope-bubble  to  be  parallel  to  the  line  of  collimation,  thus 
enabling  the  instrument  to  do  levelling,  and  (4)  the  veniier  on 
the  vertical  circle  so  adjusted  that  its  readings  shall  be  the 
true  altitude  of  the  line  of  collimation.  These  four  results  arc 
attained  by  making  the  following  five  adjustments : 

88.  First.  To  make  the  Plane  of  the  Plate-bubbles 
perpendicular  to  the  Vertical  Axis. — This  adjustment  is 
the  same  as  with  the  compass.  (One  of  the  plate-bubbles  is 
usuall}'  set  on  one  pair  of  standards.)  Bring  both  bubbles  to 
the  centre,  revolve  180°,  correct  one  half  the  movement  on 
the  levelling-screws  and  the  other  half  by  raising  or  lowering 
the  adjustable  end  of  the  bubble-tube.  Each  bubble  should 
be  brought  parallel  to  a  set  of  opposite  levelling-screws  in 
making  this  adjustment,  so  that  the  correcting  for  one  bubble 
does  not  throw  the  other  out.  When  either  bubble  will  main- 
tain a  fixed  position  in  its  tube  as  the  instrument  is  revolved 
horizontally,  the  axis  of  revolution  is  vertical.     One  bubble  is 


*The  first  engineer's  transit  instrument  was  made  by  Wm.  J.  Young  (now 
Young  &  Sons).  Philadelphia.  1S31.  All  American  engineer's  altitude-azimuib 
instruments  are  now  made  to  revolve  in  this  way. 
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therefore  suflficient  for  making  this  axis  vertical*  but  two  arc 
lomewhat  more  convenient,  especially  for  indicating  when  the 
xis  has  become  inclined  from  unequal  settling  or  expansion 
iirhile  in  use. 

89.  Second  To  make  the  Line  of  Sight  perpendicular 
to  the  Horizontal  Axis  of  the  Telescope.* — When  this  is 
done,  the  line  of  sight  will  generate  a  plam  when  the  tele- 
scope is  revolved  on  its  horizontal  axis.  If  the  line  of  sight 
is  not  perpendicular  to  the  horizontal  axis,  it  generates  the 
surface  of  a  cone  when  the  telescope  is  revolved,  the  axis  of 
the  cone  being  the  axis  of  revolution,  and  the  apex  being  at 
the  intersection  of  the  line  of  sight  with  this  axis. 

Set  the  instrument  on  nearly  level  ground,  where  a  view 
can  be  had  in  opposite  directions.  Set  the  line  of  sight  on  a 
definite  point  a  few  hundred  feet  away.  Revolve  the  telescope 
and  set  another  point  in  the  opposite  direction.  Revolve  the 
alidade  until  the  line  of  sight  comes  upon  the  first  point.  Re- 
volve the  telescope  again  and  fix  a  third  point  on  the  line  of 
sight  beside  the  second  point  set.  Measure  off  one-fourth  the 
distance  between  these  two  points  from  the  last  point  set,  and 
bring  the  line  of  sight  to  this  position  by  moving  the  reticule 
laterally;  This  movement  of  the  reticule  is  direct  in  an  erect- 
ing instrument  and  reversed  in  an  inverting  instrument. 

The  student  should  illustrate  the  correctness  of  this  method 
by  means  of  a  figure.  The  four  pointing??  were  the  intersec* 
tions  of  a  diametral  horizontal  plane  with  the  surfaces  of  the 
the  two  cones  generated.  These  cones  were  pointed  in  oppo- 
site directions,  but  had  one  element  in  common,  being  the  two 
pointings  to  the  first  point.  The  two  opposite  elements 
diverged  by  four  times  the  difference  between  the  semi-angle 
of  ihe  cone  (subtended  by  the  line  of  sight  and  the  axis  of 
rotation)  and  90°. 
JO.  Third.    To  make  the  Horizontal  Axis  of  the  Tele* 

•This  is  called  the  AJjuiim^nt  for  Cellimathn,  since  it  consists  in  bringing 
tbe!itie  of  sifjbt  mto  coincidence  with  the  line  of  colliraation,  which  is  simply  Ih^-j 
>J«  position  for  the  line  of  i\ghu 
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scope  perpendicular  to  the  Axis  of  the  Instrument.—Wheu 
this  is  done  the  former  is  horizontal  when  the  latter  is  veriicai, 
and,  the  second  acljustment  having  been  made,  the  line  of  sigbl 
wili  generate  a  vertical  plane  wlicn  the  telescope  is  revoived 

Set  the  instrument  firmly  and  level  it  carefully,  SuspenJ 
a  pUimb-line  some  2o  or  30  feet  long,  some  15  or  20  feet  fmir 
the  instrument.  The  weight  should  rest  in  a  pail  of  water  and 
the  string  should  be  hung  from  a  rigid  support.  There  should 
be  no  wind,  and  the  cord  should  he  small  and  smooth,  A  small 
fish-line  is  very  good.  Care  must  be  exercised  that  the  weight 
does  not  touch  the  bottom  of  the  pail  from  the  stretching  of 
the  cord.  Set  the  line  of  sight  carefully  on  the  cord  at  tapi 
the  plate-bubbles  indicating  a  strictly  vertical  instrument-axis. 
Clamp  both  horizontal  motions  and  bring  the  telescope  to  read 
on  the  bottom  portion  of  the  cord.  The  cord  is  apt  to  swing 
to  and  fro  slightly,  but  its  mean  position  can  be  chosen.  If  the 
line  of  siglit  does  not  correspond  to  this  mean  position,  nii^c 
or  lower  the  adjustable  end  of  the  horizontal  axis  until  this 
test  shows  the  line  of  sight  to  revolve  in  a  vertical  plane, 
Constant  attention  must  be  given  to  the  plate-bubbles  to  s«c 
that  they  do  not  indicate  an  hiclined  vertical  axis. 

Or,  two  points  nearly  in  a  vertical  line  may  be  used,  as  the 
top  and  bottom  of  the  vertical  corner  of  a  building.  Set  oft 
the  top  point  and  revolve  to  the  bottom  point.  Note  the 
relation  of  the  line  of  sight  to  this  point.  Revolve  180°  about 
both  vertical  and  horizontal  axes,  an  J  set  again  on  the  top 
point.  Lower  the  telescope  again  and  read  on  the  bottom 
point.  If  the  telescope-axis  of  revolution  is  horizontal^  tk 
second  pointing  at  bottom  should  coincide  with  the  first.  X\ 
not,  adjust  for  one  half  the  difference  between  these  two 
bottom  readings* 

It  will  be  noted  that  the  second  and  third  adjustments  arc 
necessary  to  the  accomplishment  of  the  second  result  cited  uji 
art.  87, 
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91.  Fourth.  To  make  the  Axis  of  the  Telescope-bub- 
ble parallel  to  the  Line  of  Sight, — This  adjustment  is  per^ 
formed  by  means  of  the  '*  peg-adjustment,"  as  described  in 
art,  65,  Pp  65,  second  method.  The  height  of  the  instrument 
may  now  be  measured  to  the  centre  of  the  horizontal  ijxi^  if  it 
be  found  more  convenient  than  sighting  backwards  through 
the  telescope.  When  this  adjustment  is  made  the  instrument 
is  competent  to  do  levelling  the  same  as  the  levelling-instru- 
ment.  The  telescope  is  not  quite  so  stable,  however,  in  the 
transit  because  it  is  mounted  on  an  axis  instead  of  in  two  rigid 
wyes. 

92.  Fifth.  To  make  the  Vernier  of  the  Vertical  Circle 
read  Zero  when  the  Line  of  Sight  is  Horizontal — Having 
made  the  axis  of  tlie  telescope-bubble  parallel  to  the  line  of 
sight,  bring  this  into  the  centre  of  its  tube,  and  adjust  the 
vernier  of  the  vertical  circle  till  it  reads  zero  on  the  limb.  If 
this  vernier  is  not  adjustable,  the  reading  in  this  position  is  its 
index  error.  The  line  of  sight  might  still  be  adjusted  to  the 
vernier  by  moving  the  reticule,  and  then  adjusting  the  bubble 
to  the  line  of  siglit.  To  do  this  use  the  '*  peg-adjustment  '*  as 
described  in  art<  65,  making  the  vertical  circle  read,  zero  each 
time,  and  paying  no  attention  to  the  telescope-bubble.  Correct 
the  line  of  sight  by  \  d.  as  given  by  Eq.  (2),  p,  66,  by  moving 
the  reticule,  and  this  should  give  a  horizontal  pointing  for  a 
zero-reading  of  the  vertical  circle.  Theti  adjust  the  bubble  to 
this  reading  by  bringing  it  to  the  cenire  of  the  tube  by  means 
of  the  vertical  motion  at  one  end  of  the  bubble-tube.  If  the 
reticule  is  disturbed  after  making  the  second  adjustment,  that 
adjustment  should  be  tested  again  to  see  if  it  had  been  dis- 
turbed- 

93.  Relative  Importance  of  the  Adjustments.— The  first 
adjustment  is  important  \n  all  horizontal  and  vertical  angular 
measurennents.  In  measuring  vertical  angles  the  error  may  be 
ihc  full  amount  of  the  deviation  of  the  vertical  axis  from  the 
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vertical,  and  in  measuring  horizontal  angles  something  verj* 
much  less  than  this. 

The  second  adjustment  is  more  important  in  the  running  of 
a  straight  line  by  revolving  the  telescope  than  in  any  other  kind 
of  work,  for  here  the  error  in  the  continuation  of  the  line  is 
twice  the  error  of  adjustment.  It  is  also  important  in  measur- 
\i\g  horizontal  angles  between  points  not  in  the  same  horizontal 
plane. 

The  third  adjustment  is  most  important  in  the  measure- 
ment of  horizontal  angles  between  points  not  in  the  same  hori- 
zontal  plane,  as  in  the  determination  of  the  azimuth  of  a  line 
by  an  observation  on  a  circumpolar  star. 

The  fourth  and  fifth  adjustments  are  important  only  ie 
levelling  operations,  either  by  reading  the  vertical  angle  or  by 
the  use  of  the  bubble. 

INSTRUMENTAL     CONDITIONS      AFFECTING      THE     ACCURATE 
MEASUREMENT  OF   HORIZONTAL  ANGLES.* 

94,  Eccentricity,— This  is  of  two  kinds:  (l)  eccenirkiiy of 

cmtres,  and  (2)  ccceHtricity  of  verniers.  If  the  axis  of  the  coni- 
cal  outer  socket  C  Fig.  iS,  is  not  exactly  in  the  centre  of  the 
graduated  limb  B,  then  when  the  telescope  with  the  vernier 
plates  Kare  revolved  in  this  socket,  the  verniers  will  have  an 
eccentric  motion  with  reference  to  the  graduated  limb.  If  the 
line  joining  the  zeros  of  the  verniers  passes  through  the  axis 
of  the  sockcti  it  is  evident  that  there  is  but  one  position  of 
these  verniers  which  will  give  readings  on  the  limb  180°  apart 
and  that  is  when  both  centres  lie  in  this  diametral  line.  For 
all  other  positions  of  the  verniers,  one  of  them  will  read  as 
much  too  large  as  the  other  does  too  small ;  so  that  if  the  mean 


•  For  ejctended  discussion i  of  this  subject,  see  Bauer nfeind's  **  VermtssunfS' 
ki^mk/'  %  i44<  vol  i.,  and  Jordan *s  "  Handbuch  der  VcrmcssimgskundCp*'  ^8S, 
vol.  !*  Also  iranslaiions  from  tbese,  by  Prof.  Eisenmann,  in  yiflMma/  &fi 
AMsmiati^n  tjf  Engineiring  S&^UtUs,  vol    xv,  p.  1 96. 
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of  the  two  vernier-readings  be  taken,  this  error  from  eccentric- 
ity would  be  eliminated. 

Eccentricity  of  verniers  is  due  to  their  zeros  not  falling  on 
a  diametral  line  through  the  axis  of  the  spindle ;  in  other 
wordst  they  are  not  i8o°  apart.  This  involves  no  error  in 
measuring  horizontal  angles.  It  is  convenient,  however,  to 
have  the  verniers  read  exactly  180''  apart.  In  any  case,  read- 
ing of  both  verniers  and  taking  the  mean  eliminates  all  errors 
from  eccentricity.  An  eccentricity  of  centres  of  one  one  thou- 
sandth  of  an  inch  would  cause  a  maximum  error  of  T-oS''  on  a 
six-inch  circle  if  but  one  vernier  were  read.  It  is  not  unusual 
for  an  instrument  to  have  an  eccentricity  of  centres  of  several 
times  this  amount,  either  from  wear  or  from  faulty  construction, 
or  both.  The  necessity  for  reading  both  verniers  in  all  good 
work  is  therefore  apparent. 

95.  Inclination  of  Vertical  Axis.— The  horizontal  angle 
between  points  at  different  elevations  is  obtained  by  measuring 
the  horizontal  angle  subtended  by  two  vertical  planes  passing 
through  these  points  and  the  point  of  observation.     These 
vertical  planes  are  the  planes  described  by  the  line  of  sight  as 
the  telescope  is  revolved.     By  this  means  the   points  may  be 
said  to  be  projected  vertically  on  the  horizontal   plane  and 
then  the  angle  measured.     If  the  vertical  axis  of  the  instru- 
ment is  somewhat  inclined,  these  projecting  planes  are  not  ver- 
tical, neither  do  they  have  the  same  inclination  to  the  horizon 
on  different  parts  of  the  limb.     The  projecting  planes  through 
two  points  will  therefore  neither  be  vertical   nor  equally  in- 
clined to  the  horizon.     The  measured  horizontal  angle  thus 
obtained  will  therefore  be  in  error.    The  vertical  axis  is  always 
inclined  when  the  plate-bubbles  are  not  in  adjustment  or  when 
they  do  not  show  a  level  position. 

If  the  axis  be  inclined  5'  from  the  vortical,  and  readings  be 
taken  on  points  60°  apart,  one  being  10°  above  and  the  other 
lO**  below  the  horizon,  the  maximun  error  from  this  source 
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would  be  about  i\  If  the  inclination  in  this  case  were  l^,  the 
maximum  error  would  be  1 8',  This  shows  the  importance  o( 
keeping  the  plate-levels  in  adjustment  and  of  watching  them 
during  the  progress  of  the  work  to  see  that  they  remain  in  the 
centre* 

96.  Inclination  of  Horizontal  Axis  of  Telescope.— 
This  causes  the  plane  generated  by  the  line  of  sight  to  be  in- 
cUned  from  the  vertical  as  much  as  the  axis  of  revolution  is 
from  the  horizontaL  The  projecting  planes  are  therefore  ail 
equally  inclmed,  and  the  resulting  error  in  horizontal  angle  is 
a  function  of  the  difference  of  elevation  of  the  two  points.  If 
one  point  is  10°  above  and  the  other  lo'^  below  the  horizon, 
and  if  the  inclination  of  the  axis  is  5',  the  resulting  error  in 
the  measurement  of  the  horizontal  angle  is  i^-^j".  This  error 
is  not  a  function  of  the  size  of  the  horizontal  angle,  and  would 
be  the  same  for  two  points  in  the  same  vertical  plane,  the  m* 
strument  indicating  a  horizontal  angle  of  i'  45""  between  them 
for  the  case  here  chosen.  In  making  the  adjustment  of  the 
horizontal  axis  by  means  of  the  plumb-iine»  if  the  line  be  15 
feet  distant  and  suspended  15  feet  above  the  instrument,  then 
the  pointing  to  the  top  will  have  an  altitude  of  45^.  In  Xhh 
case  the  angular  error  made  in  bisecting  the  plumb-line  will  be 
the  angular  divergence  of  the  axis  of  rotation  from  the  hori. 
jontal  If  the  combined  error  of  the  two  bisections  be  o,  05  iii^i 
the  angular  error  in  the  adjustment  will  be  r^  The  adjust- 
ment may  readily  be  made  closer  than  this. 

Errors  from  this  source  are  eliminated  by  revolving  the 
telescope  and  reading  the  same  angle  in  the  reversed  position. 
The  mean  of  the  two  values  will  be  independent  of  this  error* 
If  many  measurements  are  made  of  one  angle,  there  should  be_ 
an  equal  number  with  telescope  direct  and  reversed. 


The  student  should  show  by  a  figure  how  this  etiminaiion  Is  effected  hf  1 
reversal  of  [he  telescope. 
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97.    The  Line  of  Si^ht  not  beinir  Perpendicular  to 
the    Horizontal  Axis.^ — This    causes  the  projecting   planes 
to  be  conical  surfaces,  which  become  vertical  an  the  horizon. 
Since  the  error  of  collimation  is  necesnarily  a  small  angle,  thus 
causing  the  conical  surface  to  be  very  nearly  a  plane,  and  since 
this  surface   is  vertical  on  the  horiHon,  the  resulting  error  in    H 
measuring  horizontal  angles  is  v^ry  small  unless  the  difference   ^ 
in  the  elevations  of  the  points  is  very  great.     If  the  points  are 
distant,  as  they  always  are  in   the  accurate   measurement  of   fl 
horizontal  angles,  then  their  angular  elevation    is  necessarily       .. 
smalU  so  that  this  source  of   error  is   insignificant  in  this  kind 
of  work.     When  straight  lines  are  prolonged  by  reversing  the 
telescope,  however,  this  adjustment  becomes  very  important, 
for  the   error  then   enters   the   work  with  twice    its   angular 
amount*     It  is  eliminated  by  revolving  the  alidade  until  the  ■ 
line  of  sight,  with  telescope  reversed,  falls  again  on  the  rear 
point,  and  again  revolving  the  telescope.     The  point  now 
(alls  as  far  on  one  side  of  the  true  position  as  it  before  did  on 
the  other.     The  middle  point   lies  therefore  in  the  line  pro- 
longed* 

Lei  tlic  scudeni  illustrate  by  diagT&En. 


THE   USE   OF  THE   TRANSIT. 

98*  To  measure  a  Horizontal  Angle.— Having  centred 
the  instrument  over  the  vertex  of  the  angle  required,  take  a 
pointing  to  one  of  the  points  and  clamp  both  alida^de  and 
limb*  Make  the  final  bisection  by  means  of  either  tangent* 
screw.  Read  the  two  verniers,  and  record  them,  calling  one 
the  reading  of  vernier  A  and  the  other  of  vernier  B.  Loosen 
the  alidade  damp  and  turn  upon  the  second  point,  clamp,  and 
set  by  the  upper  tangent-screw.  Read  both  verniers  again. 
Correct  the  readings  of  vernier  A  by  half  the  difference  be- 
tween the  A  and  B  readings  in  each  case-  The  difference 
between  these  corrected  readings  is  the  value  of  the  angle. 
7 
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Be  careful  not  to  disturb  the  lower  clamp- or  tangent-screw 
after  reading  on  the  first  point.  If  there  are  two  abutting 
tangent-screws  for  the  lower  plate,  be  sure  that  both  are 
snug»  otherwise  there  may  be  some  play  here  which  would 
allow  the  limb  to  shift  its  position.  In  which  case  the  true  angle 
would  not  be  obtained.  If  there  is  but  a  single  tangent-screw 
working  against  a  spring  on  the  other  side  of  the  armature^ 
as  shown  in  Fig.  16,  then  there  can  be  no  lost  motion  unless 
the  friction  on  the  axis  is  greater  than  the  spring  can  over- 
come, which  should  never  be  the  case. 

Do  not  set  the  clamp-screws  too  tightly,  as  it  strains  and 
wears  out  the  instrument  unnecessarily,  A  very  gentle  press- 
ure is  usually  sufficient  to  prevent  slipping.  This  caution 
applies  equally  well  to  all  levelling-,  adjusting-,  and  connecting- 
screws  in  the  instrument  The  young  observer  is  generally 
inclined  to  set  them  up  hard,  as  he  would  in  heavy  iron-work. 
It  must  be  remembered  that  brass  is  a  soft  material,  easily  dis- 
torted  and  worn,  and  that  the  parts  should  be  strained  as  little 
as  possible  to  insure  against  movement  in  ordinary  handling, 

The  subject  of  measurement  of  horizontal  angles  is  further 
discussed  in  Chapter  XI V,  on  Geodetic  Surveying, 

99.  To  measure  a  Vertical  Angle.— Vertical  angles  are 
usually  referred  to  the  horizon,  and  are  angles  of  elevation  or 
depression  above  that  plane.  If  the  vernier  on  the  vertical 
circle  has  been  properly  adjusted  (or  its  index  error  determined 
in  case  it  is  not  adjustable  and  the  line  of  sight  has  not  been 
adjusted  to  it),  then  the  altitude  of  a  point  is  obtained  at  once 
by  turning  the  line  of  sight  upon  it  and  reading  the  vertical 
angle.  Special  attention  must  here  be  given  to  the  bubble 
parallel  to  the  vertical  circle,  for  it  is  on  this  bubble  that  the 
accuracy  of  the  result  wholly  depends.  If  there  is  but  one 
vernier,  it  is  designed  to  read  both  ways,  as  is  shown  in  Figs.  5 
or  6,  p.  19.  In  this  case  errors  of  eccentricity  cannot  be  eli 
inated* 
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To  elifninate  errors  of  adjustment  of  the  plate-bubbles  and 
of  the  vernier  on  the  vertica!  circle,  revolve  the  alidade  iSo^re* 
level,  read  the  vertical  angle  again  with  telescope  in  a  reversed 
position,  and  take  the  njean*  This  can  only  be  done  m  case 
the  vertical  limb  isa  complete  circle.  In  many  instruments  it  is 
but  a  half-circle  or  less,  in  which  case  this  elimination  cannot 
be  made.  The  accuracy  of  the  adjustments  alone  can  then 
be  relied  on^and  these  must  be  frequently  tested.  If  the  plate* 
bubble  parallel  to  the  vertical  circle,  the  telescope-bubble,  and 
the  vernier  of  the  vertical  circle  have  all  been  once  accurately 
adjusted^  then  when  these  bubbles  arc  brouglit  to  a  zero-read- 
ing the  vertical  circle  should  also  read  zero.  This  test  can 
always  be  readily  applied,  and,  though  not  an  absolute  cheeky 
it  is  a  very  good  one,  inasmuch  as  two  of  these  three  adjust- 
ments would  have  to  be  out  by  the  same  amount  and  in  the 
same  direction  to  still  agree  with  the  third, 

100*  To  run  out  a  Straight  Line*— The  transit-instru- 
ment is  especially  adapted  to  the  prolongation  of  straight  lines, 
as  long  tangents  on  railroads,  and  yet  it  requires  the  most  care- 
ful work  and  much  repetition  to  run  a  line  that  approximates 
very  closely  to  a  straight  line.  ■ 

Having  determined  the  direction  which  the  line  is  to  take 
from  the  initial  point,  set  accurately  over  this  point,  turn  the    ^ 
telescope  in  the  given  direction,  and  set  a  second  point  at  a   f 
convenient  distance-     These  two  points  now  determine  the 
line,  and  it  remains  to  prolong  it  indefinitely  over  such  uneven     ^ 
ground  as  may  lie  in  its  course.     The  line,  when  established*    | 
is  to  be  the  trace  of  a  vertical  plane  through  the  first  two 
points  on  the  surface  of  the  ground.     If  the  line  of  sight 
always  revolved  in  a  vertical  plane,  and  no  errors  were  made 
in   handling  the  instrument  and  in  setting  the  points,  the 
problem  would  be  easily  solved,  but  we  may  safely  say  that 
the  surface  generated  by  the  line  of  sight  never  is  a  vertical 
plane.     (The  adjustments   being  never  absolutely   correct*) 
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This  surface  is  a  cone  whose  axis  is  not  strictly  horizontaK  fol 

both  the  horizontal  and  vertical  axes  are  somewhat  iitclined 
from  their  true  positions.  It  remains  then  so  to  make  the 
observations  that  all  tliese  errors  of  adjustment  will  be  elimi- 
nated.    The  following  programme  accomplishes  this  : 

(i)  Set  accurately  over  the  forward  point,  putting  one  pair 
of  levelling-screws  in  the  line, 

(2)  Clamp  the  horizontal  limb  in  any  position. 

(3)  Level  carefully,  and  turn  upon  the  rear  point, 
(^4)  Relcvcl  for  the  bubble  that  hes  across  the  line, 

(5)  Make  the  bisection  on  the  rear  point,  revolve  the  tele* 
scope,  and  set  a  point  in  advance.  This  may  be  a  tack  in  a 
stake  set  with  great  care  by  making  the  bisection  on  a  pencil 
held  vertically  on  the  stake, 

(6)  Unclamp  the  alidade  and  revolve  it  about  the  vertical 
axis  till  the  telescope  comes  on  the  rear  point, 

(7)  Relevel  for  the  cross  bubble  again, 

(8)  Make  the  bisection  on  the  rear  point,  revolve  the  tele- 
scope again,  and  set  a  second  point  in  advance  beside  the  first 
one-     The  mean  of  these  two  positions  should  lie  in  the  verti- 
cal plane  through  the  two  established  points,  whatever  may  be 
its  elevation,  and  regardless  of  small  errors  in  the  instrumental 
adjustments,     For  the  reversals  of  the  telescope  and  alidade 
eliminated  the  errors  of  collimation  and  horizontal  axis^  whil 
the  relevelling  eliminated  the  error  due  to  the  error  of  adjusl 
ment  of  the  plate*bubble.     If  this  bubble  were  out  of  adjusl 
ment  the  vertical  axis  inclined  as  much  to  one  side  for  the  first 
setting  as  it  did  to  the  other  side  for  the  second  setting. 

This  operation  may  be  repeated  for  a  check,  or  to  forthe^ 
eliminate  errors  of  observation.     The  instrumental  errors  arfl 
wholly  eliminated  by  one  set  of  observations,  as  above  given* 
It  will  be  noted  that  this  method  is  independent  of  the  gradua- 
tion of  the  limb.     The  only  assumptions  are  that  the  instru- 
njent  and  its  adjustments  are  rigid  during  the  reversal  of  the 
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telescope,  and  that  the  pivots  of  the  horizontal  axis  are  true 
cylinders. 

loi.  Trayersing. — A  traverse,  in  surveying,  is  a  series  of 
consecutive  courses  whose  lengths  and  bearings,  or  azimuths, 
liave  been  determined.     When  a  compass  is  used  the  bearing 
of  each  course  is  determined  by  the  needle  independently  of 
that  of  the  preceding  course.     When  a  transit  is  used  and  the 
needle  not  read,  the   graduated   circle  of  the  instrument  is 
always  oriented,  or  brought  into  the  meridian,  by  taking  a 
back-sight  to  the  preceding  station.     If  the  azimuth*  of  the 
first    course   is  known  with   reference  to   the   meridian,  the 
azimuth  of  all  subsequent  courses  may  be  at  once  determined 
by  properly  orienting,  the  limb  of  the  instrument  at  the  suc- 
cessive stations.     Thus,  if  the  south  point  has  a  zero  azimuth 
the  limb  of  the  instrument  should  be  oriented  at  each  station, 
so  that  when  the  telescope  points  south  vernier  A  shall  read 
zero. 

Th^  forward  azimuth  of  a  line  is  its  angular  deviation  from 
the  south  point  when  measured  at  the  rear  station  forward 
along  the  line. 

The  back  azimuth  of  a  line  is  its  angular  deviation  from  the 
south  point  at  the  forward  station  when  measured  from  that 
station  back  along  the  line. 

The  forward  and  back  azimuth  differ  by  i8o°  plus  or  minus 
the  convergence  of  the  meridians  at  the  two  extremities  of  the 
line.  If  this  line  is  north  and  south  it  lies  in  the  meridian, 
and  hence  its  forward  and  back  azimuth  differ  by  i8o°.  When 
the  course  has  an  easterly  or  westerly  component,  or,  in  other 
words,  when  its  extremities  have  different  longitudes,  the 
divergence  of  the  Hne  from  the  meridian  at  one  end  differs 
from  its  divergence  from  the  meridian  at  the  other  by  as  much 

♦  In  this  treatise  azimuth  is  always  reckoned  from  the  south  point  in  the 
direction  S.W.N.E.  to  360*.  The  bearing  of  the  line  is  thus  given  by  its 
nuiDerical  value  alone,  without  the  aid  of  letters. 
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as  these  meridians  differ  from  parallelism.  This  is  inappre- 
ciable on  short  lines,  and  hence  in  traversing  the  forward  and 
back  azimuth  will  be  considered  as  differing  by  iSo"", 

The  field-work  proceeds  as  follows,  so  far  as  the  transit  is 
concerned.  Let  it  be  assumed  that  from  the  initial  point  A 
of  the  survey  the  true  aEimuth  to  some  other  point  Z  is  givea 
Let  the  stations  be  A,B,C,  etc. 

Set  vernier  A  to  r^ad  the  known  azimuth  AZ,  With  the 
alidade  and  limb  clamped  togetiier,  turn  the  telescope  on  2 
and  clamp  the  limb,  setting  carefully  by  means  of  the  lower 
tangent-screw.  If  the  alidade  be  now  loosened  and  vernier  A 
made  to  read  zero,  the  telescope  would  point  south.  Turn 
the  telescope  on  B  by  moving  the  alidade  alone,  and  the  read* 
ing  of  vernier  A  gives  the  forward  azimuth  of  the  line  AB* 
Move  the  instrument  to  B  and  set  vernier  A  to  read  the  back 
azimuth  of  AB,  which  is  found  by  adding  iSo""  to  or  subtract- 
ing it  from  the  forward  azimuth,  according  as  this  was  less  or 
more  than  180'',  With  alidade  and  limb  clamped  at  this  read* 
ing,  turn  upon  w^,  clamp  the  limb  and  unclamp  the  alidade,  and 
the  instrument  is  again  properly  oriented  for  reading  directly 
the  true  azimuth  of  any  line  from  this  station,  as  the  line  BC, 
for  instance.  In  this  manner  a  traverse  may  be  run  with  the 
transit,  the  field-notes  show^ing  the  true  azimuth  of  each  course 
without  reduction.  The  lengths  of  the  courses  may  be  found 
in  any  manner  desired. 

If  preferred,  the  telescope  may  be  revolved  on  its  horizoi 

tal  axis  and  vernier  A  left  with  its  forward  reading,  for  orient^ 

ing.    Then  revolve  the  telescope  back  to  Its  normal  position 

*and  proceed  with  the  work.*  - 


J 


*  For  a  method  oi  computing  the  cotirdinaies  of  the  courses,  and  the  use  d 
the  traverse  table,  sec  chapter  on  Land  Surveying. 
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THE  SOLAR  ATTACHMENT. 

102*  The  Solar  Attachmeat  is  a  device  to  be  fastened  to 
the    telescope  axis  of  a  tratisit-instriinnent,  thus  making  a  com- 
bination that  will  do  the  work  of  a  solar  compass.     One  form 
of   this  device  is  shown  hi    Fig.    19,*     The  various  spherical 
functions  concerned  in  the  problem  are  also  represented  in  this 
figure  by  their  several  great  circles*    The  polar  axis,  declination- 
arc,  and  collimation-arm  are  the  same  here  as  in  the  solar  com- 
pass.     The  latitude  arc  is  here  replaced   by  the  vertical  circle 
of   the  transit,  and   the  telescope  gives  the  line  of  sight.     The    ^ 
adjustments  and  working  of  this  attachment  are  so  nearly  iden-    f 
tical  with  those  of  the  solar  compass  that  they  will  not  be 
repeated   here.      If  the  student  has  mastered   the  frincipies 
involved  in  the  use  of  the  solar  compass  he  will  have  no  diffi- 
culty in  using  the  attachment.  fl 
Various  forms  of  solar  attachments  have  been  invented,  the    ™ 
ofiost   recent  and   perhaps  the  most  efficient   of  which   is  that 
shown  in  Fig,  20,  invented  by  G.  N*  Saegmuller  in   188 1.     It 
is  manufactured  by  Fauth  St  Co,,  Washington,  D.  C,^  and  by 
Keuffel  &  Esser,  New  York.     It  consists  simply  of  an  auxiliary 
telescope  with  bubble  attached,  having  two  motions  at  right 
angles  to  each  other.     These  motions  are  horizontal  and  verti- 
cal when  the  main  telescope,  to  which  the  attachment  is  rigidly 
fastened,  is  hori^iontaL     If  the  main  telescope  be  put  in  the 
meridian  and  elevated  into  the  plane  of  the  celestial  equator, 
however,  then  the  vertical  axis  of  the  attachment  also  lies  in 
the  meridian  but  points  to  the  pole.     It  therefore  becomes  a 
polar  axis  about  which  the  auxiliary  telescope  may  revolve,     If 
this  telescopic  line  of  sight  be  at  right  angles  to  the  polar  axis,^ 
it  will  generate  an  equatorial  plane.     If  the  line  of  sight  be  in- 
clined to  this  plane  by  an  amount  equal  to  and  in  the  direction 
of  the  sun's  declination,  then  when  revolved  on  its  polar  axis  it 
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would  follow  the  sun*s  path  in  the  heavens  for  the  gjven  day, 
provided  the  sun  did  not  change  its  declination  during  the  day. 
It  only  remains,  therefore,  to  show  how  the  latitude  and  decli- 
nation angles  may  be  set  ofT  in  order  that  the  competency  of 
this  instrument  to  do  the  work  of  the  solar  compass  may  be- 
come apparent. 

To  set  off  the  declination^angle,  turn  the  main  telescope 
down  or  up  according  as  the  decimation  is  north  or  south,  and 
set  the  declination*angle  on  the  vertical  circle.  Bring  the 
small  telescope  into  the  plane  of  the  large  one  and  revolve  it 
about  its  horizontal  axis  until  its  bubble  comes  to  the  centre 
of  its  tube,  Tlie  angle  formed  by  the  two  telescopic  lines  of 
sight  is  the  declination-angle.  Revolve  the  main  telescope 
until  it  has  an  altitude  equal  to  the  co-latitude  of  the  place» 
and  clamp  it  In  this  position.  With  the  vertical  motions  of 
both  telescopes  clamped,  and  their  lateral  motions  free^  if  the 
line  of  sight  of  the  small  telescope  can  be  brought  upon  the 
sun  the  main  telescope  must  lie  in  the  meridian.  The  vertical 
circle  of  the  transit  is  thus  seen  to  do  the  work  of  both  the 
latitude  and  declination  arcs  of  the  solar  compass, 

103.  Adjustments  of  the  Saegcnuller  Attachment.— 
First.  All  the  adjustments  of  the  transit  must  be  as  perfect 
las  possible,  but  especially  the  plate  and  telescope  bubbles,  the 
vernier  of  the  vertical  circle,  and  the  transverse  axis  of  the 
telescope* 

I  Second.  To  make  the  Pdar  Axis  perpendicular  to  the  Plant 
of  the  Line  of  ColHmation  and  /forisanial  Axis  of  the  Main 
Telescope. — Carefully  level  the  instrument  and  bring  the  teles* 
cope-bubbie  to  the  middle  of  its  tube.  The  line  of  sight  and 
horizontal  axis  of  this  telescope  should  now  be  horizontal,  so 
that  the  polar  axis  is  to  be  made  vertical.  To  test  this,  revolve 
the  auxiliary  telescope  about  the  polar  axis,  and  see  if  the 
bubble  on  the  small  telescope  maintains  a  constant  position. 
If  not,  correct  half  the  movement  by  means  of  the  adjusting, 
screws  at  the  base  of  the  small  disk,  and  the  other  half  by  re- 


< 


( 


ADJUSTMENT,   USE,   AND   CARE   OF  INSTRUMENTS,   IO3 

volving  the  auxiliary  telescope.  These  adjusting-screws  are 
exactly  analogous  to  the  levelling-screws  of  the  main  instru- 
ment. 

Third.    To  make  tlu  Line  of  Sight  of  ilie  Small  Telescope 
parallel  to  the  Axis  of  the  AttacJied  Bubble. — Make  the  large 
telescope  horizontal  by  bringing  its  attached  bubble  to  the 
middle  of  its  tube.     Bring  the  small  telescope  in  the  same  plane 
and  make  it  also  horizontal  by  means  of  its  bubble,  clamping 
its  vertical  motion.    Measure  the  vertical  distance  between  the 
axes  of  the  two  telescopes,  and  lay  off  this  distance  on  a  piece  of 
paper  by  two  plain  horizontal  lines.     Set  this  paper  up  at  a  con- 
vcnient  distance  from  the  instrument,  and  on  about  the  same 
leveL     Bring  the  line  of  sight  of  the  large  telescope  on  the  lower 
mark,  and  see  if  that  of  the  small  telescope  falls  on  the  upper 
mark.     If  not,  adjust  its  reticule  until  its  line  of  sight  come  on 
the  upper  mark.    Revolve  back  to  the  horizontal  to  see  if  both 
bubbles  again  come  to  the  middle  simultaneously. 

When  this  adjustment  is  completed,  there  should  be  five 
lines  in  the  instrument  parallel  to  each  other  when  instrument 
and  telescopes  are  level, — viz.,  the  axes  of  the  two  telescope- 
bubbles  and  of  the  plate-bubble  on  the  standards,  and  the  two 
lines  of  sight, — and,  in  addition,  the  vernier  on  the  vertical 
circle,  should  read  zero. 

The  seven  adjustments  (five  of  the  transit  and  two  of  the 
attachment)  must  all  be  carefully  made  and  frequently  tested 
if  the  best  results  are  desired.  When  this  is  done,  this  attach- 
ment will  give  the  meridian  to  the  nearest  minute  of  arc,  if  ob- 
servations be  taken  when  the  sun  is  more  than  one  hour  from 
the  horizon  and  two  hours  from  the  meridian.  The  advantages 
of  the  SaegmuUer  attachment  consist  mainly  in  having  a  teles- 
copic line  of  sight,  and  in  the  use  of  the  vertical  limb  of  the 
transit  for  setting  off  the  declination  and  co-latitude.  The 
effect  of  small  errors  in  the  latitude  and  declination  angles,  such 
as  may  be  due  to  errors  in  the  adjustments,  is  shown  by  the 
table,  art.  54,  p.  51. 
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B      103a.  Determination  of  the   Meridian  by   Direct   Solar 

Observation."*^ — Knowing  the  latitude  of  the  place  of  obscrva- 

^_tion  and  the  declination  of  the  sun,  the  angle  which  a  vertical 
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makes  with  the  meri- 
dian plane,  counting 
from  the  North  point, 
may  be  found  by  simply 
observing  the  sun*s  alti- 
tude. Thus,  in  Fig.  20a. 
let  Z  be  the  zenith 
point,  P  the  pole,  and 
S  the  sun.  Then  know- 
ing the  latitude  of  the 
place,  the  decJination. 
and  the  altitude  of  the 
sun,  the  three  sides  of 
the  spherical  triangle 
ZPS  become  known, 
since  these  sides  are  respectively  the  co-latitude,  the  co-dccli- 
nation,  and  the  co-altitude.  Knowing  these  three  sides  of  the 
spherical  triangle,  the  solid  angle  A,  or  PZS,  may  be  computed 
from  the  formula 


Cm  J  A  — 


-/ 


sin  S  sin  (S  —  codec) 
sin  colaL  sin  coait. 


where  S  is  one-half  the  sum  of  the  three  sides. 

This  kind  of  a  solar  observation  for  azimuth  does  not  neces-^ 
sitate  the  use  of  the  solar  attachment,  but  it  does  require  either 

colored  shield  over  the  object  glass,  together  with  a  pnsmaticfl 

eye-piece,  or  in  place  of  these  an  auxiliary  disk  or  diaphragm,T 

lounted  or  held  just  back  of  the  eye  end.     This  disk  may 
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even  be  a  plain  sheet  of  white  paper  held  In  the  hand  !^ome 
four  to  six  inches  back  of  the  eye-p!ece.  By  having  l\\^ 
cross-wires  in  good  focus,  and  the  objective  fucus.sed  on  the 
sun,  so  as  to  give  a  clearly  defined  image,  this  image  may  be 
brought  centrally  upon  the  shadow  of  the  cross-wires  by  the 
vertical  and  horizontal  slow^motion  screws,  within  the  h'mit?^  of 
accuracy  of  reading  the  graduated  circles.  The  reading  of  the 
vertical  circle  gives  the  altitude  of  the  sun,  from  which  the 
co-altitude  is  found. 

The  declination  of  the  sun  at  the  time  of  the  observation  is 
abtained  from  the  nautical  almanac,  the  same  as  if  it  were  to 
be  used  with  the  solar  attachment.  The  correction  for  refrac- 
tion is  also  applied.*  The  time  of  the  observation  is  recorded 
ind  the  declination  of  the  sun  at  this  time  can  be  afterwards 
determined-  The  horizontal  circle  is  also  read»  and  a  pointing 
-nadc  to  the  azimuth  mark,  and  the  horizontal  circle  read  again. 
These  observations  can  be  repeated  as  often  as  desired;  prob- 
ibly  three  sets  of  readings  would  usually  be  taken. 

The  time  of  day  best  suited  to  this  observation,  like  that 
for  an  observation  with  the  solar  attachment,  is  near  the 
middle  of  the  sun  s  path  from  the  horizon  to  the  meridian, 
either  before  or  after  noon.  That  is  to  say,  ^the  altitude  of 
the  sun  should  be  changing  rapidly  at  the  time  of  the  obser- 
vation, If  taken  too  near  the  horizon  the  correction  for 
refraction  becomes  large  and  uncertait\,  and  if  taken  too  near 
noon  the  altitude  b  changing  too  slowly  to  furnish  a  good 
argument  It  needs  scarcely  to  be  said  that  the  transit  must 
be  in  as  good  adjustment  for  this  kind  of  direct  observation 
as  U  required  when  the  solar  attachment  is  used.  As  in  that 
case  also,  the  mean  of  two  observations  taken  at  symmetrical 
times  before  and  after  noon  will  be  free  from  the  errors  of 
adjustment,  and  of  the  latitude  and  declination  used.  This 
method  is  now  commonly  employed  in  the  mining  regions  of 
the  West,  where  it  is  rapidly  replacing  the  use  of  the  solar 
attachment. 


*  1«  tlii5  case  ihe  correct  fc^n  h  iid<l<*cl  in  I  he  observed  aUuudej  as  ^riven  on 


103C 


SUIiV£yiNG, 


The  following  detailed  directions  for  making  these  observa* 
tions  were  prepared  by  A.  W.  French,  InBtnictor  in  Civil  Engi- 
neering in  tlie  Thayer  School  of  Civil  Engineering,  Dartmouth 
College :  * 

''  I.  Observe  the  sun  directly*  by  the  aid  df  cdored  glass,  and  bring  his  iaugt 
tangent  lo  tlie  horiioiital  and  vertical  wires  ;  read  the  wrtica!  circle  and  the  hori- 
romal  plates.  Supi>ose  that  in  the  hrst  pointing  the  linage  was  approaching  the 
wires  :  then  bring  it  into  the  opposite  quarter  of  the  field  of  view,  where  the  imagt 
rcct'des  from  the  wires  ;  bring  the  wires  tangent  and  re;id  ajs  before.  The  mean  of 
these  readings  will  give  the  apparent  altitude  and  the  plate  readmg  for  the  saa's 
centre.  If  the  tr<insit  has  a  full  vertical  circle,  the  telescope  should  be  reverb 
between  the  two  pointings,  to  eliminate  all  errors  of  adjustment.  If  the  transit  ha^ 
only  ii  vertical  arc,  no  reversal  can  be  aiade,  and  g^re^t  care  mu^t  be  taken  that  iW 
plate  levels  and  standards  are  in  good  adjustment  and  the  tndex  error  accurately 
determined. 

"  2.  Read  plates  when  pointing  at  any  convenient  mflffc,  thus  Ending  the  angle 
between  the  sun's  centre  and  the  mark, 

*■*  %  Computation  of  the  I'ZS  triangle  enabltis  us  to  find  the  angle  between  the 
sun  and  the  north  ;  then,  addition  or  subtraction  of  the  angle  between  the  sun  and 
the  mark  (as  the  mark  is  north  or  south  of  the  sun)  gives  the  angle  made  by  the  line 
(station  to  mark),  and  the  meridian. 

**  The  accompanying  form  of  notes  and  reductions  needs  but  a  few  remarks : 

OBSERVATION. 


Horizontal  Circle  Readings. 

Vertical  Circle 
Readings. 

Date  and  Time. 

Telescope. 

On  Mark. 

On  Sun. 

Directs-.... 
Reversed  -\^, 

240"  41'  00' 
60"  41'  00" 

282*  51'  30" 
102"  43'  00' 

30''  57'  OO' 
31"  09'  00" 

Sept.  26,  1896,  2.30  P.M., 
standard  time,  75th  merid. 

Averages. . 

240**  41'  00" 

282*^47'   15" 

31"  03'  00' 

COMPUTATION. 

Declination  at  Greenwich  noon  =  7  a.m.  standard  time  75th 

meridian =  I*  32*  33"  sooth 

Hourly  change  =  58.5".     Change  for  7^  hours  =  58.5  x  7^   .     =         7'  39"  south 

Declination  at  2  P.M =1"  40'  12"  sooth 

*  Engineering  News,  May  20,  1897.     Added  to  the  thirteenth  edition,  1897. 
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Average  vertical  angle  by  observation  =  31**  03'  00" 
Correction  for  refraction    .         .         .  =  i'  40" 

True  altitude  .        .        .        .  =  31**  01'  20" 

Latitude  of  Thayer  School  =  43*  42'  10" 
Station  about  i  mile  south  =  i'  00" 


Latitude  of  station  =  43**  41'  10" 

Cos  \  PZS  =  a/^^^  \  S  y.  sin  (|  S  —  co>decl.) 
^         sin  co-alt.  x  sin  co-Iat. 
where  S  =  co-decl.  +  co-alt.  +  co-lat. 
co-decl.  =    91"  40'  12" 
co-alt.  =    58**  58'  40" 
co-lat.  =    46*  18'  50" 

.y=  196°  5/ 42" 

\Sz=    98®  28' 51" 
co-decl.  =    91**  40'  12" 

.V  —  co-decl.  =      6  48'  39" 

log  sin  98"  28'  51"  =  9.995225 

"     **      6"  48'  39"  =  9.074052 

a.  c.     ••     ••    58**  58'  40"  =  0.067035 

a.  c.    **     "   46*  18'  50"  =  0.140781 

2I19.277093 

log  cos  \  PZS  =  9.638546 
\  PZS—    64"  12'  40" 
PZS=  128°  25'  20" 
Azimuth  of  sun  from  north  =  128"  25'  20" 
Angle  between  sun  and  mark  =    42"  06'  15" 
Angle  north — station — mark  =  170''  31'  35" 
**  If  a  single  observation  is  made,  the  altitude  must  be  changed  by  the  semi- 
diameter  (16')  and  the  horizontal  angle  by,  not  16',  but -. — 7-.     The  dihedral 

^      ^  R        /'  '         cos  of  alt. 

angle,  whose  edge  is  the  vertical  line  through  the  instrument  subtended  by  the 
semi-diameter,  varies  with  the  altitude  of  the  sun,  from  16'  for  alt.  =  o"*,  to  46'  for 
alt.  =  67**  on  June  21st,  in  this  latitude  (43'  42')." 

If  a  colored  shield  is  used  over  the  objective,  it  should  be  a 
plate  glass  with  parallel  surfaces.  If  the  shield  is  over  the  eye 
end  no  such  parallelism  is  necessary.  For  direct  observations  on 
the  sun  by  the  eye,  a  refracting  prism  at  the  eye  end  is  necessary. 
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THE  GRADIENTER  ATTACHMENT. 

104.  The  Gradienter  is  a  tangent-screw  with  a  micrometer- 
head  attached  to  the  horizontal  axis  of  the  telescope  for  the 
purpose  of  turning  off  vertical  angles  that  are  expressed  in 
terms  of  its  tangent  as  so  many  feet  to  the  hundred.  Such  a 
device  is  shown  in  Fig.  17.  In  railroad  work,  the  grade  or  slope 
is  expressed  in  this  manner,  as  264  feet  per  mile,  or  as  0.5  foot 
per  100  feet.  The  micrometer-head  is  graduated  so  that  one 
revolution  raises  or  lowers  the  telescope  by  I  foot  or  0.5  foot 
in  100  feet.  It  is  divided  into  100  or  50  parts,  so  that  each 
division  on  the  head  is  equivalent  to  0.01  foot  in  lOO  feet.  This 
attachment  is  found  very  convenient  in  railroad  work.  It  is 
also  of  general  utility  in  obtaining  approximate  distances.  On 
level  ground  the  distance  is  read  directly,  but  on  sloping 
ground  the  rod  is  still  held  vertical,  and  the  distance  read  is  too 
great.  The  true  horizontal  distance  may  be  found  by  multiply- 
ing the  distance  read  by  the  factors  for  horizontal  distance 
given  in  table  V.*  Thus,  if  one  revolution  of  the  screw  raises 
the  line  of  sight  i  foot  at  a  distance  of  100  feet,  and  if  at  a  cer- 
tain unknown  distance  one  revolution  of  screw  caused  the  line 
to  pass  over  5.5  feet  on  the  rod,  then  the  distance  was  550  feet 
if  the  ground  was  horizontal.  If  the  rod-readings  had  a  mean 
vertical  angle  of  15°,  the  horizontal  distance  was  550  X  93.3  = 
513  feet. 

CARE  OF  THE  TRANSIT. 

105.  The  Transit  should  be  protected  from  rain  and  dust 
as  much  as  possible.  A  silk  gossamer  water-proof  bag  should 
be  carried  by  the  observer  to  be  used  for  this  purpose.  If  water 
gets  inside  the  telescope,  remove  the  eye-piece  and  let  it  di*>' 
out.     If  moisture  collects  between  the  two  parts  of  the  objec- 


♦  This  table  is  for  reduction  of  stadia  measurements,  and  is  explained  in 
the  chapter  on  Topographical  Surveying,  Art.  205. 
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ire  remove  it,  and  dry  it  with  a  gent  It!  heat  over  a  stave  or 
mp,  but  ^<^  not  separate  the  glasses.  If  dust  settles  on  the  wires 
may  be  blown  off  by  removing  both  objective  and  eye-piece 
fcd  blowing  gently  through  the  tube.  Dust  should  be  removed 
[>m  the  glasses  by  a  camcKs  hair  brush,  which  should  always 
f  carried  for  the  purpose*  A  clean  handkerchief  may  be  used 
ith  a  gentle  pressure  to  prevent  scratching  in  case  the  dust  is 
itty*  Use  alcohol  (or  cleansing  greasy  or  badly  soiled  glasses, 
opart  exposed  to  dust  should  be  oiled,  as  this  serves  to  retain 
1  the  dust  that  may  fall  on  it.  The  centres  should  be  cleaned 
:casionally  with  chamois  skin,  and  oiled  by  a  very  little  pure 
sitch-oiL  In  the  absence  of  watch-oil  plumbago  will  be  found 
i  serve,  A  soft  lead-pencil  may  be  scraped  and  a  Httle  rubbed 
I  the  spindles  with  the  finger.  The  tripod  legs  should  have 
)  lost  motion  either  at  the  head  or  in  their  iron  shoes.  If  the 
gs  are  split,  as  in  Fig,  ij,  and  fastened  by  thumb-nuts,  these 
ouid*  be  loosened  when  the  instrument  is  carried  and  tight- 
ed  again  after  setting*  They  may  thus  be  made  very  tight  and 
jid  while  the  instrument  is  in  use  without  danger  of  break- 
g  the  bolts  in  closing  the  legs,  which  is  very  liable  to  result 
the  screws  are  not  loosened.  For  a  method  of  putting  in  new 
inss-wires  sec  chapter  on  Topographical  Surveying,  Art.  207, 


^  EXERCISES  WITH  THE  TRANSIT, 

106*  Escalitish  three  stations  forming  a  triangle*  Meaiiire  tlie  three  tiori- 
ntal  mitgles  aziil  see  if  their  sum  is  iSo^* 

107,  Proloiig  a  line  in  azimuth  and  distance  by  carryiog  both  around  an 
aginarr  obsitiiction,  and  then  check  ibe  aiimutb  by  a  back-$igbt  and  (he  dii- 
ice  bf  nieas^neiDefiL  Thus^,  let  A  and  B  be  two  points  establr&hing  a  line. 
^problem  it  to  establish  tiro  Other  points,  Cand  A  m  the  cantinuation  of 
t  fine  AB^  irttb  an  imaginarf  obstruction  to  both  sight  and  measm-eisent 
tween  B  aad  C     Tbe  disunce  SC  is  also  to  be  obtained. 

The  e«|tiiUier>l  trianfle  will  be  found  mo«i  effident. 

lot.  Frnd    both  the  distance  1o  and  the  beight  of  an  inaccessible  stee|>le« 
,  ssiolceslack,  tn  tree. 

\m  base-^line  iocb  tliat  lis  two  esirenaittes  malce  with  the  gif'eo  object  \ 
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approximaiely  an  isosceles  triangle  (it  is  desirable  that  no  angk  of  the  triauglel 

slatiLild  be  tcss  than  30 '^  nor  more  than  120^),     The  top  of  the  object  Oiilj  oedtj 

be  visible  frotn  the  two  ends  of  the  base.     Measure  both  ihe  horizontal  anil 

vertical  angles  at  the  extremities  of  the  base* line  subtended  by  the  other  t««l 

points  of  the  triangle.     Let  A  and  B  be  the  extrcmilies  of  the  base  and  /*  dwi 

point  whose  distance  itird  elevation  are  required.     We  then  have  for  hori20i)tal| 

angles 

Sio  Pxnm  A  II  AB  :  BF\ 

Utfto  Sin  P  :  sin  B  ::  AB  :  A  P. 

In  reading  the  vertical  angles  to  the  base>stations  the  reading  should  be  I 
taken  on  a  point  as  high  above  the  ground  (or  peg)  as  the  ieIeRc»pe  rs  above  the 
peg  over  which  it  is  set.  The  diHerence  in  the  elevations  of  the  two  pegs  i£ 
then  obtained.  The  vertical  angle  to  the  point  /'is  taken  to  the  summit  and 
height  of  instrument  added  in  each  case  to  find  its  elevation  above  peg,  U  J 
be  the  lower  of  the  two  base -stations  and  if  /a  and  In  he  the  heights  of  instfn- 
ment{line  of  sight)  above  the  peg  in  the  two  cases,  and  if  F^i,  ^b.  l>aQd 
Fj»'  be  the  vertical  angles  read  to  the  corresponding  points,  we  may  write: 

Elevation  of  B  above  A  ^  AB  tan  Vsi 

''  P      *^      A^AP  tan  Fp. 

Also,  from  the  vertical  angles  taken  at  j5.  we  have : 

Elevation  of  A  beJow  B  —  AB  tan  Va\ 
''  P  above  B  ^  BP  tan  Tf  - 

We  now  have  a  check  on  both  the  relative  elevations  and  on  the  dlstancci 
AP  and  BP.     Assuming  the  clcvaiion  of  ^  lo  be  zero,  we  have: 

Elevation  of  P  above  A  =AP  tan  Vf=AB  tan  Vb  +  BP  tan  V^\ 

This  equality  will  not  result  unless  the  observations  were  well  laken«  the 
computations  accurately  made^  and  the  instrument  carefully  adjusted.  The  ad- 
justments mainly  involved  here  are  the  pi  ate- bubbles  and  the  vernier  on  the 
vertical  circle.  If  the  points  are  a  considerable  distanre  apart,  as  over  a  half- 
mile,  the  elevations  obtained  by  reading  the  veriicai  angles  are  appreciably  loo 
great,  on  account  of  the  earth's  curvature^  This  may  be  taken  as  eight  Inches 
for  one  mik  and  proportional  to  the  square  of  the  distance.  Or,  we  may  write: 
Elevation  correction  on  long  sights,  in  inches,*  =  —  S  (distance  in  mil cs>l 

If  the  distances  are  all  less  than  about  half  a  mile,  no  attention  need  be  paid 
to  this  correction  in  this  problem. 


•  For  a  full  disjcuision  ©f  thii  subject  lec  chap.  XIV* 
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I09>  Find  the  hefgbt  of  u  tree  or  house  above  the  ground,  on  a  distant  hill, 
without  going  to  the  immediate  locality. 

no.  Find  the  horizontal  length  and  bearing  of  a  line  joining  two  visible  but 
inaccessible  objects.  Use  the  magnetic  bearing  if  the  tme  bearing  of  the  base- 
line is  not  known. 

Ill,  Find  ihc  horizonial  length  and  bearings  of  a  line  joining  two  inaccessi- 
ble points  both  of  which  cannot  be  seen  from  any  one  position. 

Let  A  and  B  be  the  inaccessible  poinis.  Measure  a  base  CD  such  that  A  is 
seen  from  C  and  B  from  D,  Auxiliary  bases  and  triangles  may  be  used  to 
find  the  lengths  of  AC^nd  BD.  Knowing  .^Cand  CD  and  the  included  angle. 
compute  AD  in  bearing  and  distance.  The  angle  ADB  may  now  be  found, 
which,  with  the  adjacent  sides  AD  and  BD  known,  enables  the  side  AB  to  be 
found  in  bearing  and  distance. 

113.  With  the  transit  badly  ont  of  level,  or  with  horizontal  axis  of  the  tele- 
scope thrown  considerably  out  of  the  horizontal,  measure  the  horizontal  angle 
between  two  objects  having  very  diflfercnt  angular  elevations^  Do  this  with 
both  telescope  normal  and  telescope  reversed,  and  note  the  difference  in  the 
TaJnes  of  the  angle  obtained  in  the  two  cases. 

113^  Select  a  series  of  points  on  uneven  ground,  enclosing  an  area^  and 
occupy  Ihem  successively  with  the  transit,  obtaining  the  traverse  angles.  That 
19,  knowing  or  assuming  the  aiimuth  of  the  first  line,  obtain  the  azimuths  of  the 
other  connecting  lines,  or  courses,  with  reference  to  this  one,  reluming  to  the 
first  point  and  obtaining  the  azimuth  of  the  first  course  as  carried  around  by  the 
traversed  line.  This  should  agree  with  the  original  aaimuth  of  this  course. 
The  distances  need  not  be  measured  for  this  check, 

E14.  Lay  out  a  straight  line  on  uneven  ground  by  the  method  given  in  Art. 
too,  occupying  from  six  to  ten  stations.  Return  over  the  same  line  and  estab- 
lish a  second  series  of  points,  paying  no  attention  to  the  first  series,  and  then 
note  the  discrepancies  on  ihe  several  statses.  In  returning,  the  two  final  points 
of  the  first  line  become  the  iniual  points  of  the  second,  this  return  line  being  a 
prolongation  of  the  line  joining  these  two  points.  If  these  deviate  ever  so 
little,  therefore,  from  the  true  line,  the  discrepancy  will  increase  towards  the 
initial  point. 

Similar  es^ercises  to  those  given  for  the  solar  compass  may  be  assigned  for 
the  solar  attachment. 


I 
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THE  SEXTANT, 

115,  The  Sextant  is  tht:   most  convenient  and  accurate' 
hand-iiLstrainent  yet   devised    for  measuring   angles,  whether, 
horizontal  vertical,  or  inclined.     It  is  called  a  sextant  because  | 
its  limb  includes  but  a  60°  arc  of  the  circle.     It  will  measure 
angles,  however,  to  i2o°.     It  is  held  in  the  hand,  measures  an 
angle  by  a  single  observation,  and  wnll  give  very  accurate  re- 
sults even  when  the  observer  has  a  very  unstable  support,  as 


on  board  ship.  It  is  exclusively  used  in  observations  at  sea* 
and  is  always  used  in  surveying  wliere  angles  are  to  be  meas' 
ured  from  a  boat,  as^  in  locating  soundings,  buoys»  etc.,  as  well' 
as  in  reconnoissance  work,  explorations,  and  preliminary  suf- 
veys.     It  hns  been  in  use  since  about  1730. 

The  accompanying  cut  shows  a  common  form  of  this  in- 
strument as  manufactured  by  Fauth  &  Co.,  Washington,  The 
limb  has  a  7^ inch  radius,  and  reads  to  10  seconds  of  arc. 


I 


ADJUSTMENT,    USE,  AND   CARE   OF  INSTRUMENTS.    IO9 

There  is  a  mirror  M  (Fig.  22),  called  the  Index  Glass,  rigidly 
attached  to  the  movable  arm  MA,  which  carries  a  vernier 
reading  on  the  graduated  limb  CD.  There  is  another  mirror, 
/,  called  the  Horizon  Glass,  rigidly  attached  to  the  frame  of 
the  instrument,  and  a  telescope  pointing  into  this  mirror,  also 
rigidly  attached.  This  mirror  is  silvered  on  its  lower  half,  but 
dear  on  its  upper  half.    A  ray  of  light  coming  from  H  passes 


Fig.  22. 

through  the  clear  portion  of  the  mirror  /on  through  the  tele- 
scope to  the  eye  at  E.  Also,  a  ray  from  an  object  at  O  strikes 
the  mirror  i^,  is  reflected  to  m,  and  then  through  the  telescope 
to  E.  Through  one  half  of  the  objective  come  the  rays  from 
H,  and  through  the  other  half  the  rays  from  O,  each  of  which 
sets  of  rays  forms  a  perfect  image.  By  moving  the  arm  MA 
it  is  evident  these  images  will  appear  to  move  over  each  other 
8 
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and  for  one  position  only  will  they  appear  to  coincide*  The 
bringing  of  the  two  images  into  exact  coincidence  is  what  tk 
observation  consists  inland  however  unsteady  the  motion  of  ^ 
the  observer  may  be,  he  can  occasionally  see  both  images  at{ 
once,  and  so  by  a  series  of  approximations  he  may  finally  put] 
the  arm  in  its  true  position  for  exact  superposed  images. 
The  angle  subtended  by  the  two  objects  is  then  read  oS  on 
the  limb. 

ii6.  The  Theory  of  the  Sextant  rests  on  the  optical 
principle  that  ''  if  a  ray  of  light  suffers  two  successive  reflcc* 
tions  in  the  same  plane  by  two  plane  mirrors,  the  angle  be- 
tween  the  first  and  last  directions  of  the  ray  is  twice  the  angle 
of  the  mirrors/* 

To  prove  this,  let  <9jl/and  mEhe  the  first  and  last  posi* 
tions  of  the  ray»  the  latter  making  with  the  former  produced 
the  angle  £.  The  angle  of  the  mirrors  is  the  angle  A.  The 
angles  of  incidence  and  reflection  at  the  two  mirrors  are  the 
angles  i  and  /,  P2W,  m\dpm  being  the  normals. 

We  may  now  write  : 


Angle  E  ^  OMm  —  MmE, 

=  2(i  —  t)  ; 
angle  A  =  ImM  —  mMA 


Therefore  E  —  2A, 


Q.  E.  a 


When  the  mirrors  are  brought  into  parallel  planes,  the 
angle  A  becomes  zero,  whence  E  also  is  zero,  or  the  rays  OM 
and  Hm  are  parallel.  This  gives  tJic  position  of  the  arm  for 
the  zero-reading  of  the  vernier.  The  limb  is  graduated  frofH 
this  point  towards  the  left  in  such  a  way  that  a  60"^  arc  of  the 
circle  will  read  to  120^  That  is,  a  movement  of  i"  on  the  arc 
really  measures  an  angle  of  z^  in  the  incident  rays,  so  it  mus 
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be  graduated  as  two  degrees  instead  of  one.     The  ^^ry  large 
radiu!;  enables  this  to  be  done  without  difficulty. 

ADJUSTMENrS  OF  THE  SEXTANT, 

117-  To  make  the  Index  Glass  perpendicular  to  the 
Plane  of  the  Sextant. — Bring  tht;  vernier  to  read  about  30*^ 
and  examine  the  arc  and  its  image  in  the  index  glass  to  see  if 
they  form  a  continuous  curve*  If  the  glass  is  not  perpendi* 
cular  to  the  plane  of  the  arc,  the  image  will  appear  above  or 
beiow  the  arc^  according  as  the  mirror  leans  forward  or  back- 
ward.  It  is  adjusted  by  slips  of  thin  paper  under  the  project- 
ing  points  and  corners  of  the  frame. 

118.  To  make  the  Horizon  Glass  Parallel  to  the  Index 
Glass  for  a  Zero*reading  of  the  Vernier. — Set  the  vernier 
to  read  zero  and  see  if  the  direct  and  reflected  images  of  a 
well-defined  distant  object,  as  a  star,  come  into  exact  coinci- 
dence. If  not,  adjust  the  horiston  glass  until  they  do.  If  this 
adjustment  cannot  be  made*  bring  the  objects  into  coincidence, 
or  even  with  each  other  so  far  as  the  motion  of  the  arm  is  con- 
cerned, and  read  the  vernier.  This  is  the  index  error  of  the 
instrument  and  is  to  be  applied  to  all  angles  read.  The  better 
class  of  instruments  all  allow  the  horizon  glass  to  be  adjusted. 
This  adjustment  is  generally  given  as  two,  but  it  is  best  con- 
sidered as  one.  If  made  parallel  to  the  index  glass  after  that 
has  been  adjusted,  it  must  be  perpendicular  to  the  plane  of 
the  instrument. 

119.  To  make  the  Line  of  Sight  of  the  Telescope 
parallel  to  the  Plane  of  the  Sextant. — The  reticule  in  the 
iextant  carries  four  wires  forming  a  square  in  the  centre  of 
the  field.  The  centre  of  this  square  is  in  the  line  of  coUima- 
tion  of  the  instrument. 

Rest  the  sextant  on  a  plane  surface  pointing  the  telescope 
upon  a  well*dc fined  point  some  twenty  feet  distant.  Place  two 
objects  of  equal  height  upon  the  extremities  of  the  limb  that 
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will  serve  to  establish  a  line  of  sight  parallel  to  the  limb.  Two 
lead-pencils  of  same  diameter  will  serve,  but  they  had  best  be 
of  such  height  as  to  make  this  line  of  sight  even  with  that  of 
the  telescope.  If  both  lines  of  sight  come  upon  the  same 
point  to  within  a  half-inch  or  so  at  a  distance  of  20  feet, 
the  resulting  maximum  error  in  the  measurement  of  an  angle 
will  be  only  about  l'* 

THE  USE  OF   THE  SEXTANT. 

r20<  To  measure  an  Angle  with  the  sextant,  bring  i 

plane  into  the  plane  of  the  two  objects*     Turn  the  direct  Un 
of  sight  upon  the  fainter  object,  which  may  require  the  instri 
ment  to  be  held  face  downwards,  and  bring  the  two  imag< 
into  coincidence.     The  reading  of  the  limb   is  the  ; 
quired.     It  must  be  remembered  that  the  angles  measured  b; 
tlie  sextant  are  ilie  true  angies  subt ended  by  tke  two  ^bjtcis 
the  paint  &f  cbscrtHitian,  and   not    ihe   vertical   or  horizontal 
projection  of  these  angles,  as  is  the  case  with  the  transit.     The 
true  vertex  of  the  measured  angle  is  at  £.  Fig,  21.    It  is  evident 
the  position  of  E  is  dependent  on  the  size  of  the  angle,  bcinj 
at  a  great  distance  back  of   the  instrument  for  a  very  smal 
angle.     The  instrument  should  therefore  not  be  used  for  meai 
uring  very  small  angles  except  as  between  objects  a  very  grci 
distance  off.    The  sextant  is  seldom  or  never  used  for  measu 
ing  angles  where  the  position  of  the  instrument  (or  the  vertex 
of  the  angle)  needs  to  be  known  with  great  accuracy. 


EXERCISES  FOR  THE  SEXTANT, 


d 


121,  Measure  the  allllude  of  the  sun  or  a  star  ai  its  culmination  by  brfngfog 
ihr  direct  imaKc^  reflected  from  ihe  surface  of  mercury  held  in  a  flat  disb  on 
the  ground,  mio  coincidence  with  the  image  reflected  from  the  index  glass^ 
Half  the  observed  angle  is  the  altitude  of  the  body.  The  altitude  of  a  ler 
trial  object  may  be  obiaincd  In  the  same  nnanner,  in  which  case  the  iresse 
mercury  should  rest  on  an  elevated  stand  ;  th*  sexunt  could  ihen  be  brouglil 
near  to  it  and  (he  angular  ilivergence  of  the  two  incipient  ra)*^  to  Ihe  mercury 
surface  and  tndi*5(  glass  reduced  to  an  inappreciable  quantity. 


ADJVS7M£U7\   tS£;  AND   CJJ^E   OF  INS7JtaAfEN7%    113 


If  the  observation  of  a  heavenly  body  be  made  on  the  mendtan  and  the 
declinaiion  of  the  body  at  the  itmt  of  obscrvaUan  be  known,  ihetatitudc  of  the 
place  Is  readily  found, 

I33»  Measure  the  angle  subtended  by  two  moving  bodies,  as  of  two  men 
walking  the  street  in  the  same  direciion^  or  of  iwo  boats  on  the  water.  (This  is 
to  illasiratc  the  capacity  of  the  sextan i,  lor  none  but  a  rcUcciing  instniment 
bringing  i**^  1  converging  lines  of  sigbE  into  coincidence  is  competent  to  do 
ibts.) 

The  exercises  gWtn  in  Arts,  lof*,  toS,  109,  and  no  for  the  transit  may  also 
serve  for  the  sextant.  Further  applications  of  the  sextant  in  locating  soundings 
are  given  in  chap.  X. 

I2ia,  The  Cross-section  Polar  Protracton — The  accom- 
panyinj^  cuts  (Figs,  24  and  25J  illustrate  an  instrument  recently 
invented  and  used  on  the  New  York  Aqueduct  for  taking  polar 
coordinates  of  the  crosi>-section5of  the  tunnel.  It  consists  ola 
plain  circular  disk,  graduated  to  single  degrees,  and  mounted 
on  a  tripod  in  such  a  way  that  it  may  be  levelled  up  and  also 
hive  a  vertical  motion  and  a  motion  about  the  vertical  axis.* 
The  construction  is  shown  clearly  in  the  figures. 

In  ttse  it  is  mounted  with  its  centre  in  the  axis  of  the  tun* 
nel.  A  light  wooden  measuring  rod,  not  shown  in  the  figures, 
tapering  to  a  point  and  shod  with  brass  of  sufficient  length, 
and  graduated  to  feet  and  hundredths,  lies  upon  the  w^ooden 
arm  or  rest,  which  revolves  upon  the  face  of  the  disk*  and 
slides  out  to  a  cont-ict  with  the  surface  at  such  points  as  are 
to  be  taken.  If  the  only  information  desired  is  whether 
Of  not  the  excavation  is  suflRcienI,  or  beyond  the  established 
lines,  then  tiie  rod  is  set  to  the  proper  radius,  and  if  it  swings 
ckar»  the  fact  is  determined.  If  a  true  copy  of  the  actual 
cross^section  is  desired,  then  the  rod  is  brought  into  contact 
with  the  significant    points  in    the  cross-section  (mostly  the 

*  Thojie  uied  on  the  New  Vork  Aqueduct  were  designed  by  F.  W.  Wat  kins 
an<\  Alfred  Craven,  and  were  manufacinred  by  Heller  and  Brightly,  Philadelphia. 
See  descnption  in  '*  Trans.  Atn*  Soc.  Civ.  Eng'rs,"  1890,  and  £ttjpmerin^  iVVtw, 
July  26,  i&go. 
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points  of  greatest  projection  and  depression  of  the  surface) 
and  the  angle  and  distance  read  and  recorded.     In  the  instru^ 
ment  here  shown,  the  graduation  increases  in  both  directions! 
from  the  top  to  180°  at  the  bottom.    Perhaps  a  better  arrange- J 

ment  would  be  to  have  the  angles  increase  continuously  to 


360^.     The  work  could  be  plotted  by  means  of  such  a  prc7 
tractor  as  shown  in  Figs.  64  or  66,  Chapter  VII L     The  point  ^ 
being  plotted,  they  should  be  joined  by  a  free-hand  line  an^ 
the  area  determined  by  the  planimeter.  H 

If  the  cross-section  contains  one  or  more  marks  from  whic'P^ 
the  axis  of  the  tunnel  may  bt*  found,  as  an  alignment  marl*^ 
and  a  bench  mark  (which  may  be  one  and  the  same),  then  th€ 
instrument  may  be  set  up  at  random  on  this  section,  and  thes 
fixed  marks  pointed  in  and  plotted,  along  with  the  cross-sec 
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ion  points.  The  axis  of  the  tunnel  can  then  be  laid  off  from 
he  plotted  marks,  and  by  drawing  in  the  established  lines 
rem  this  axial  point,  the  question  of  clearance  may  be  deter- 
nined  nearly  as  well  as  by  setting  the  instrument  in  the  axis 
if  the  tunnel  itself.  The  actual  cross-section  and  area  are 
|uite  as  well  determined  as  if  the  instrument  were  carefully 
:cntered  on  the  axial  line. 


THE  PLANE  TABLE. 

123.  The   Plane   Table    consists   of    a    drawing-board 

properly  mounted  on  which  rests  an  alidade  carrying  a  line  of 
sight  rigidly  attached  to  a  plain  ruler  with  a  fiducial  edge. 
The  line  of  sight  is  usually  determined  by  a  telescope,  as  in 
Fig.  26.  This  telescope  has  no  lateral  motion  with  respect  to 
the  ruler,  but  both  may  be  moved  at  pleasure  on  the  table. 
The  telescope  has  a  vertical  motion  on  a  transverse  axis,  as  in 
the  transit.  It  is  also  provided  with  a  level  tube,  either 
detachable  or  permanently  fixed.  The  table  is  levelled  by 
means  of  one  round  or  two  cross  bubbles  on  the  ruler  of  the 
alidade.  The  line  of  sight  of  the  telescope  is  usually  parallel 
to  the  fiducial  edge  of  the  ruler,  though  this  is  not  essential 
It  is  only  necessary  that  they  should  make  a  fixed  horizontal 
angle  with  each  other.  The  table  itself  must  have  a  free  hori- 
zontal  angular  movement  and  the  ordinary  clamp  and  slow- 
motion  screw.  The  table  corresponds  to  the  graduated  limb 
in  the  transit,  the  alidades  in  the  two  instruments  performing 
similar  duties.  Instead,  however,  of  reading  off  certain  hori- 
zontal angles,  as  is  done  with  the  transit,  and  afterwards 
plotting  them  on  paper,  the  directions  of  ^the  various  pointings 
are  at  once  drawn  on  the  paper  which  is  mounted  on  the  top 
of  the  table,  no  angles  being  read.  The  true  relative  positions 
of  certain  points  in  the  landscape  are  thus  transferred  directly 
to  the  drawing-paper  to  any  desired  scale.  The  magnetic 
bearing  of  any  line  may  be  determined  by  means  of  the  decli- 
nator, which  is  a  small  box  carrying  a  needle  which  can  swing 
some  ten  degrees  either  side  of  the  zero-line.     The  zero-line 


ADJUSTMEI^T,  USE,  AND  CARE  OP  msTRUMENTS.      i\', 


Ifg 


SUI^VEVING. 


being  parallel  to  one  edge  of  the  box,  the  magnetic  nieridiian 
may  be  at  once  marked  down  on  any  portion  of  the  map,  and 
the  bearing  of  any  intersecting  line  determined  by  means  of  a 
protractor.  Tiie  tnsLrument  has  been  long  and  extensively  us«d 
for  mapping  purposes,  and  is  stilt  the  only  instrument  used 
for  the  '*  filiing-in''  of  the  topographical  charts  of  the  U-  S 
Coast  and  Geodetic  Survey.  An  extended  account  of  the 
instrument  and  the  field  methods  in  use  on  that  service  may 
be  found  in  Appendix  13  of  the  Report  of  the  U.  S.  Coast  and 
Geodetic  Survey  for  1880,  The  following  discussion  is  partly 
from  that  source, 

ADJUSTMENTS    OF   THE   ALIDADE. 

124.  To  make  the  Axes  of  the  Plate-bubbles  parallel 
to  the  Plane  of  the  Table. — Level  the  table  with  the  alidade 
in  any  position,  noting  the  readings  of  fhe  bubbles,  Mark  the 
exact  position  of  the  alidade  on  the  table,  take  it  up  carefully, 
and,  reversing  it  end  for  end,  replace  it  by  the  same  marks.  If 
the  bubbles  now  have  the  same  readings  as  before,  with  refer- 
ence to  the  table  they  are  parallel  to  the  plane  of  the  table* 
If  not|  adjust  the  bubbles  for  one  half  the  movement  and  try 
again. 

125.  To  cause  the  Line  of  Sight  to  revolve  in  a  Vertical 
Plane. — Thla  adjustment  is  the  same  as  in  the  transit.     It  need 
not  be  made  with  such  extreme  accuracy*  however^  and  the  ^ 
plumb  line  test  is  sufficient.     With  the  instrument  carefullv  ' 
levelled,  cause  the  line  of  sight  to  follow  a  plumb-line  through 
as  great  an  arc  as  convenient.     If  the  line  of  sight  deviates 
from   the  plumb-line  raise  or  lower  one  end   of  the  transverse 
axis  of  the  telescope,  until  it  will  follow  it  with  sufficient  exac^ 
ness.  fl 

126.  To  cause  the  Telescope  bubble  and  the  Vernier  on 
the  Vertical  Arc  to  read  Zero  when  the  Line  of  Sight  is 
Horizontal — This  adjustment   is  also  the  same  as  in   the 
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transit.  The  methods  given  for  the  transit  may  be  used  with 
the  plane  table,  or  a  sea  horizon  may  be  used  as  establishing  a 
horizontal  line,  or  a  levelling-instrument  may  be  set  up  beside 
the  plane  table  having  the  telescopes  at  the  same  elevation,  and 
both  Unesof  sight  turned  upon  the  same  point  in  the  horizontal 
plane  as  determined  by  the  level.  The  bubble  and  vernier  are 
then  both  adjusted  to  this  position  of  telescope. 

This  adjustment  is  important  if  elevations  are  to  be  deter- 
mined either  by  vertical  angles  or  by  horizontal  lines  of  sight. 
If  only  geographical  position  is  sought  this  adjustment  may 
be  neglected. 

THE  USE  OF  THE  PLANE  TABLE. 

127.  In  using  the  Plane  Table  at  least  two  points  on  the 
ground,  over  which  the  table  may  be  set,  must  be  plotted  on 
the  paper  to  the  scale  of  the  map  before  the  work  of  locating 
other  points  can  begin.  This  requires  that  the  distance  between 
these  points  shall  be  known,  which  distance  becomes  the  base- 
line for  all  locations  on  that  sheet.  Any  error  in  the  measure- 
ment or  plotting  of  this  line  produces  a  like  proportional  error 
in  all  other  lines  on  the  map. 

The  plane  table  is  set  over  one  of  these  plotted  points,  the 
fiducial  edge  of  the  ruler  brought  into  coincidence  with  the  two 
points,  and  the  table  revolved  until  the  line  of  sight  comes  on 

he  distant  point.  The  table  is  now  clamped  and  carefully  set 
oy  the  slow-motion  screw  in  this  position,  when  it  is  said  to  be 
oriented,  or  in  position. 

In  Figs.  27  and  28,  let  T,  T'  T,"  T,"  represent  the  plane- 
table  sheet  and  the  points  a  and/  the  original  plotted  points. 

The  corresponding  points  on  the  ground  are  A  and  P,  the  latter 
being  covered  by  p  in  Fig.  27,  and  the  former  by  ^  in  V\<^.  28. 
In  Fig.  27,  the  plotted  point/  is  centred  over  the  point  P,  the 
ruler  made  to  coincide  with  (7p,  and  the  telescope  made  to  read 
on  A    by  shifting   the   t<il)le.      l-'nr  plottinL,^  the   (iirectinn^   ot 
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Other  objects  on  the  ground,  the  alidade  is  made  to  revolve  about 
^    ju&t  as  the  transit  revolves  about   its  centre,     A  needle  is 
Sometimes  stuck  at  this  point,  and  the  ruler  caused  to  press 
Against  it  in  all  pointings,  but  this  defaces  the  sheet.     Other 
"P timings  are  now  made  to  B,  C,  and  D,  which  may  be  used  as 
stations,  and    also    to  a  chimney  {c/i.),  a   tree  (t,),   a   cupola 
^^up.},  a   spire  (sp.),  and  a  windmill  {wjn,).     Short  lines  ar<iH 
*^  nwn  at  the  estimated  distance  from/,  and  these  marked  vvitli 
*  ^^tters,  as  in  the  figure,  or  by  numbers,  and  a  key  to  the  numbers  _ 
*^ept  in  the  sketch-  or  note^book*  f 

The  table  is  now  removed  to  j4,  the  other  known  point,  and 
^et  with  the  point  a  on  the  plot  over  the  point  A  on  the 
ground,  when  the  table  is  approximately  oriented.  The  ruler 
is  now  set  as  shown  in  Fig.  2S,  coinciding  with  a  and/,  but 
taointing  towards/*  The  table  is  then  swung  in  azimuth  until 
^he  line  oT  sight  falls  on  P,  when  it  is  clamped.  It  is  novv 
<:>nented*  for  this  station,  and  pointings  arc  taken  on  all  the 
^objects  sighted  from  P,  and  on  such  others  as  may  be  sighted 
Trom  subsequent  stations,  the  alidade  now  revolving  about  the 
J^otnt  a  on  the  papen  The  intersections  on  the  plot  of  the 
^wo  pointings  taken  to  the  saniie  object  from-^  and  P  wall  evi 
Gently  be  the  true  position  on  the  plot  for  those  points  with 
«-efererrce  to,  and  to  the  scale  of,  the  line  ap.  These  intersec 
tiions  are  shown  in  Fig.  28, 

It  is  evident  that  if  other  points,  as  D  or  C,  be  now  occu- 
pied, the  table  oriented  on  either  A  or  P,  and  pointings  taken' 
on  any  of  the  objects  sighted  from  both  A  and  P,  the  third  or 
fourth  line  drawn  to  the  several  objects  should  intersect  tiie 
first  two  in  a  common  point.  This  furnishes  a  check  on  the 
\%ork, and  should  be  taken  for  all  important  points.  It  is  pret 
erable  also  to  have  more  than  two  points  on  the  sheet  pn 
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*It  will  b<*  noted  that  ihis  process  of  orienihig  the  plane  table  is  practically- 
identical  with  that  by  which  ihc  limb  of  the  transit  is  oriented  in  traversing 
<wi-  toi). 
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v\ous\y  determined.  Thus,  if  B  were  also  known  and  plotted 
at  ^,  when  the  table  had  been  oriented  on  any  other  station, 
and  a  pointing  taken  to  B,  the  fiducial  edge  of  the  ruler 
should  have  passed  through  S. 

As  fast  as  intersections  are  obtained  and   points  locaiai   \ 
the  accompanying  details  should  be  drawn  in  on  the  map  lo 
the  proper  scale.     If  distances  are  read   by  means  of  stadia 
wires  on  a  rod  held  at  the   various  points  (^see  chap.  VIH),   , 
then  a  single  pointing  may  locate  an  object,  the  distance  being 
taken  off  from  a  scale  of  equal  parts,  and   the  point  at  once 
plotted  on  the  proper  direction-line.     It  is  now  common  to  do   i 
this  in  ail  plane-table  surveying. 

128*  Location  by  Resection. — This  consists  in  i^caikg 
thi  pmnts  occupied  by  pointings  to  known  and  plotted  points.  \ 
The  simple  case  is  where  a  single  pointing  has  been  taken  tn 
this  point  from  some  known  point,  and  a  line  drawn  through 
it  on  the  sheet.  It  is  not  known  what  point  on  this  line 
represents  the  plotted  position  of  this  station.  The  setting  of 
the  instrument  can  therefore  be  but  approximate,  but  near 
enough  for  all  purposes.  The  table  can  be  oriented  as  before, 
there  being  one  pointing  and  corresponding  line  from  a  kno\Mi 
pouit.  A  station  is  then  selected,  a  pointing  to  which  is  as 
nearly  90  degrees  from  the  orienting  line  as  possible,  and  tlie 
alidade  so  placed  that  while  the  telescope  sights  the  object  the 
fiducial  edge  of  the  ruler  passes  through  the  plot  of  the  same 
on  the  sheet.  The  intersection  of  this  edge  with  the  former 
line  to  this  station  gives  the  station^s  true  position  on  the 
sheet.  This  latter  operation  is  called  resecti&n.  Another  re- 
section from  any  other  determined  point  may  be  made  for  jy 
check.  fl 

129,  To  find  the  Position  of  an  Unknown  Point  by  Re- 
section on  Three  Known  Points,— This  is  known  as  the 
Thnc-p&int  Prob/em,  and  occurs  also  in  the  use  of  the  sextant 
in  locating  soundings.     It  is  fully  discussed  in  that  connection 
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[see  Art.  228),  so  that  only  a  mechanical  salution  suitable 
br  the  problem  in  hand  will  be  given  here.  It  is  under- 
kood  there  are  three  known  points,  A,  B,  and  C  plotted  in 
I,  i,  and  c  on  the  map.  The  table  is  set  up  over  anv  ^iven 
point  (not  in  the  circumference  of  a  circle  through  A,  B,  and 
D*  Fasten  a  piece  of  tracing-paper,  or  linen,  on  the  board, 
|nd  niark  on  it  a  point  /  for  the  station  /^occupied.  Level 
|he  table,  but  of  course  it  cannot  be  oriented.  Take  pointings 
^  A^  B,  and  C,  and  draw  lines  on  the  tracing  paper  from  / 
^wards<7,  if  and  c,  long  enough  to  cover  these  distances  when 
jra%vn  to  scale.  Remove  the  alidade  and  shift  the  tracing- 
^per  until  the  three  lines  drawn  may  be  made  to  coincide 
Ixactly  with  the  three  plotted  points  a,  b,  and  c.  The  point 
>  is  then  the  true  position  of  this  point  on  the  sheet.  This 
being  pricked  through,  the  table  may  now  be  oriented  and  the 
trork  proceed  as  usuaL 

[  130.  To  find  the  Position  of  an  Unknown  Point  by  Re* 
section  on  Two  Known  Points. — This  is  called  the  Two- 
point  Problem,  and  but  one  of  several  solutions  will  be  given. 
|t  is  evident  that  if  the  table  could  be  properly  oriented  over 
jftic  required  point,  its  position  on  the  sheet  could  be  at  once 
found  by  resection  on  the  two  known  points.  The  table  may 
be  oriented  in  the  following  manner:  Let  A  and  B  be  the 
known  points  plotted  in  a  and  B  on  the  sheet  Let  C  be  the 
unknown  point  whose  position  c  on  the  sheet  is  desired. 
Select  a  fourth  point  D,  which  maybe  occupied^  and  so  placed 
that  intersections  from  C  and  Z?  on  j4  and  ^  will  give  angles 
between  30  and  120  degrees.  Fasten  a  piece  of  tracing  linen 
Dr  paper  on  the  board,  marking  a  point  d'  at  random.  Set 
up  over  D\  orienting  the  table  as  nearly  as  may  be  by  the 
peedle  or  otherwise.  Draw  lines  from  £  towards  A,  B,  and 
^,  Mark  off  on  the  latter  the  estimated  distance  to  C,  to 
scale,  catling  this  point  C\  Set  up  over  C",  with  r*  over  the 
orienting  on  D  by  the  line  cd.     This  brings  the  table 
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parallel  to  its  former  position  at  D,  From  c'  draw  lines  to  A 
and  B,  intersecting  the  corresponding  lines  drawn  from  d  in 
a  and  b\  We  now  have  a  quadrilateral  abed'  similar  to 
the  quadrilateral  formed  by  the  true  positions  of  the  plotted 
points  abed,  but  it  differs  in  size,  since  the  distance  c'd*  was 
assumed,  and  also  in  position  (azimuth),  since  the  table  was 
not  properly  oriented  at  either  station.  Remove  the  alidade, 
and  shift  the  tracing  until  the  line  a'b'  coincides  with  &  and  I 
on  the  sheet.  Replace  the  alidade  on  the  tracing,  bringing  it 
into  coincidence  with  ca\  tb\  or  c'd\  and  revolvt*  the  tabkan 
its  axis  until  the  line  of  sight  comes  upon^,  B,  or  D,  as  the 
case  may  be.  The  table  is  now  oriented,  when  the  true  posi- 
tion of  c  may  be  readily  found  by  resecting  from  a  and  b, 
which,  when  pricked  through ^  gives  its  position  on  the  sheet. 

The  stud  ml  may  show  how  the  same  resuk  could  have  been  obtained  wltli' 
out  ihc  aid  of  tracing;- paper.  | 

If  the  fourth  point  D  may  be  taken  in  r^n^^with  A  and  A 

the  table  may  be  properly  oriented  on  this  range,  and  a  \mt 
drawn  towards  C  from  any  point  on  this  range  line  on  the  plot; 
Then  C  is  occupied*  and  the  table  again  properly  oriented  by 
this  line  just  drawn,  when  the  troe  position  of  c  may  be  found 
by  resecting  from  a  and  b,  as  before. 

In  general,  if  the  table  can  be  properly  oriented  over  any 
unknown  point  from  which  sights  may  be  taken  to  two  or 
more  known  (plotted)  points,  the  position  of  this  unknown 
point  is  at  once  found  by  resection  from  the  known  points* 

The  student  would  do  well  to  look  upon  the  table  and  the 
attached  plot  as  analogous  to  the  graduated  horizontal  limb  in 
the  transit.  The  principles  and  methods  of  orienting  are  pre* 
cisely  similar  the  pointings  differing  only  in  this,  that  with  the 
transit  the  horizontal  angle,  referred  to  the  meridian,  is  reaii 
off,  recorded,  and  afterwards  plotted,  while  with  the  pfan^ 
table  this  bearing  is  immediately  dra%vn  upon  the  sheet,  f 

131.  The  Measurement  of  Distances  by  Stadia.— This 
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method  of  determining  short  distances  is  now  generally  used  in 
:onncction  with  the  plane  table.  It  is  fully  discussed  in  chap- 
ter VIII.,  where  the  principles  ^-ji  2ts  action  and  its  use  with 
the  transit  are  given  at  length.  The  same  principles,  field 
methods,  and  tables  apply  to  its  use  with  the  plane  table, 
mth  such  modifications  as  one  accustomed  to  the  use  of  the 
plane  table  would  readily  introduce.  When  used  in  this  way 
It  enables  a  point  to  be  plotted  from  a  single  pointing,  it 
being  located  by  polar  coordinates  (azimuth  and  distance),  in- 
stead of  by  intersections. 

EXERCISES  WITH   THE   PLANE  TABLE. 

133.  Make  a  plane  table  survey  of  the  college  campus,  measuring  the  length 
of  one  side  for  a  base. 

133.  Having  located  several  points  on  the  sheet  by  intersections,  occupy 
them  and  check  their  location  by  resection, 

134.  Locate  a  point  (not  plotted)  by  resection  on  three  known   points  (art. 

129)- 

135.  Locate  a  point  (not  plotted)  by  resection  on  two  known  points,  first 
takmg  the  auxiliary  point  D  not  in  line  with  AB,  and  then  by  taking  it  in  line 
with  AB.  This  gives  a  check  on  the  position  of  the  point,  and  shows  the  ad- 
vantages of  the  second  method  when  it  is  feasible. 
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CHAPTER   VL 

ADDITIONAL  INSTRUMENTS   USED    IN    SURVEYING  A^^l 

PLOTTING. 

THE  ANEROID   BAROMETER. 

136,  The  Aneroid  Barometer  consists  of  a  drcylar 
tallic  box,  licrmetically  scaled,  one  side  being  covered 
corrugated  plate.     The  air  is  mostly  removed,  enough  ofl 
being  left  in  to  compensate  the  diminished  stiffness  of  thei 


Fig.  aif, 

moated  cov^r  at  hiVlier  temperatures.     This  cover  risesi 
falls  as  the  outer  pressure  is  Ics^  or  greater,  and  this  sltj 
motion    is  greatly  multiplied   and    transmitted  to   an   iii^ 
pointer  moving  over  a  scale  on  the  outer  face.     The  mot 
uf  the  index  is  compared  with  a  standard  mercurial 
eter  and  the  scale  graduated  accordingly.      Inasmuch  as] 
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barometric    tables    arc    prepared    for    mercurial    barometers, 
'wherein  the  atmospheric   pressure   is   recorded    in  inches  of 
mercury,  the  aneroid  barometer  is  graduated  so  that  its  read- 
ings are  identical  with  those  of  the  mercurial  column. 

Figure  29  shows  a  form  of  the  aneroid  designed  for  eleva- 
tions to  40CX>  feet  above  or  to  2000  feet  below  sea-level.  It 
has  a  vernier  attachment  and  is  read  with  a  magnifying-glass 
to  single  feet  of  elevation.  It  must  not  be  supposed,  how- 
ever, that  elevations  can  be  determined  with  anything  like  this 
degree  of  accuracy  by  any  kind  of  barometer.  The  barometer 
simply  indicates  the  pressure  at  the  given  time  and  place,  but 
for  the  same  place  the  pressure  varies  greatly  from  various 
causes.  All  barometric  changes,  therefore,  cannot  be  attrib- 
uted to  a  change  in  elevation,  when  the  barometer  is  carried 
about  from  place  to  place. 

If  two  barometers  are  used  simultaneously,  which  have 
been  duly  compared  with  each  other,  one  at  a  fixed  point  of 
known  elevation  and  the  other  carried  about  from  point  to 
point  in  the  same  locality,  as  on  a  reconnoissance,  then  the 
two  sets  of  readings  will  give  very  close  approximations  to 
the  differences  of  elevation.  If  the  difference  of  elevation  be- 
tween distant  points  is  desired,  then  long  series  of  readings 
should  be  taken  to  eliminate  local  changes  of  pressure.  The 
aneroid  barometer  is  better  adapted  to  surveys  than  the  mer- 
curial, since  it  may  be  transported  and  handled  with  greater 
ease  and  less  danger.  It  is  not  so  absolute  a  test  of  pressure, 
however,  and  is  only  used  by  exploring  or  reconnoissance 
parties.  For  fixed  stations  the  mercurial  barometer  is  to  be 
preferred.  It  has  been  found  from  experience  that  the  small 
aneroids  of  if  to  2j  inches  diameter  give  as  accurate  results 
as  the  larger  ones. 

137.  Barometric  Formulae.— In  the  following  derivation 
of  the  fundamental  barometric  formula  the  calculus  is  used,  so 
that  the  student  will  have  to  take  portions  of  it  on  trust  until 
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he  has  studied  that  branch  of  mathematics.     AH  that  followi 
Lq,  (4)  he  can  read. 

Let  // ^  lieight  of  the  "  homogeneous  atmosphere"*  inUt 

/i  =  corresponding  height  of  the  mercuriai  column. 
6  =  the  relative  density  of  the  **  homogeneous  atmos- 
phere" v(  ©  to  mercury, 
s  =  difference  ui  between  two  points,  with 
baromel                       of  //'  and  A^,  at  the  high^ 
and  at  tn^.                  nt  respectively. 
Then  from  the  equil                    ft'een  the  pressures  of  the 
mercurial  column  and  at*                   re  have  : 

A  =  6II (I) 

Also,  for  a  small  change  in  elevation,  ds,  the  corresponding 
change  in  the  height  of  the  mercurial  column  would  be 

dh^dd£      .     .     . (2] 

Substituting  in  (2)  the  value  of  6  as  given  by  (l),  we  have : 

or,  ^fe  =  /^--^ (3) 

Integrating  (3)  between  the  limits  h!  and  Aj  we  have: 

-^  =  ^X*T  =  ^i°s.^    .   •   .      .  (4) 

*  •*  Homogeneous  atmosphere"  signifies  a  purely  imaginary  condition 
wherein  ihe  atmosphere  is  supposed  to  be  of  uniform  density  from  sea-levd  i«' 
such  upper  limit  as  may  be  necessary  to  give  the  observed  pressure  at  the  ob- 
served temperature. 
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where  the  logarithm  is  in  the  Napierian  system.  Dividing  by 
the  modulus  of  the  common  system  to  adapt  it  to  computation 
by  the  ordinary  tables,  we  have : 

h 
^=  2.30258  Z/' loga  -^ (5) 

If  Ho  be  the  height  of  the  homogeneous  atmosphere  at  a 
temperature  of  32°  F.,  and  if  h^  be  the  height  of  the  mercurial 
column  at  sea-level  at  same  temperature,  and  if  g^  and  g^  be 
the  specific  gravities  of  mercury  and  air  respectively,  then, 
evidently, 

^0=^ (6) 

From  experiment  we  have : 

ho  =  29.92         inches, 
^m=  13-596 
ga  =   0.001293 
whence  Ho  =  26,220  feet. 

This  is  on  the  assumption  that  gravity  is  constant  to  this 
height  above  sea-level.  When  this  is  corrected  for  variable 
gravity  we  have : 

Ho  =  26,284  feet (7) 

Equation  (7)  gives  the  height  of  the  homogeneous  atmos- 
phere at  a  temperature  of  32°  F.  But  since  the  volume  of  a  gas 
under  constant  pressure  varies  directly  as  the  temperature,  and 
since  the  coefficient  of  expansion  of  air  is  0.002034  for  i"  F., 
we  have  for  the  height  of  the  homogeneous  atmosphere  at  any 
temperature : 

/f=/^^  [I +0.002034  (/- 32°)]     ...       (8) 
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TABLE  I.     BAROMETRIC   ELEVATION* 


Contamifi 

lA-^ 

52737  log 

^,    Argumeni, 

*, 

A. 

A. 

Pttft*r 

h. 

A, 

DJL  for 

.CI. 

'  A. 

A. 

Dif.  \m 

Invkes 

Ffwi. 

Fwit. 

Inch^f} 

FtH, 

FtH. 

iHCkti. 

Fttt, 

FtH. 

It.O 

27*33& 

—  24.6 

14.0 

20,76s 

-19.5 

17^0 

15.476 

—16.0 

tl.t 

27.090 

34.4 

14.1 

20,570 

190 

17.1 

15*316 

15.9 

II. 2 

£4^,846 

24.2 

14-2 

20, 377 

19. 1 

17.2 

15.157 

is.sl 

II. 3 

26,604 

24,0 

14.3 

20. 186 

18.9 

'  I7'3 

14,999 

15.7 

11-4 

26,364 

23.8 

14.4 

19.997 

j8.g 

'  174 

14.842 

15.6 

II. 5 

26,126 

23  >  6 

14.5 

19-809 

1S.6 

'17.5 

14,686 

15. 5 

ti.6 

25,890 

23  4 

1    14.6 

19.623 

18.6 

176 

14,531 

154 

11,7 

25.656 

23.2 

14  ^7 

19-437 

18.S 

17.7 

14.377 

IS-I 

n.s 

^5*424 

23,0 

14-8 

19.352 

18.4 

17.8 

14.223 

153 

11-9 

25*194 

22. S 

14.9 

19,068 

18.2 

17  9 

14.070 

15*3 

It.O 

24.966 

22*6 

15-0 

I8.S86 

18. 1 

iS.Q 

13.918 

15.1 

13. 1 

24.740 

22.4 

15.1 

18,70s 

I&.O 

IS.  I 

13.767 

IS-O 

12.2 

24.516 

22.2 

1  15*2 

18.525 

17.9 

18.2 

13.617  ' 

149 

12.3 

24.294 

22.1 

15-3 

18,346 

17.8 

X8.3 

13.468 

149 

12.4 

34.073 

21.9 

15.4 

1 8, 168 

17.6 

|x8.4 

13.319 

14-7 

"5 

2J.854 

2E.7 

15.5 

17^993 

17*5 

18-5 

13.172 

14*7 

12.6 

23.637 

21. 6 

15.6 

17.817 

17.4 

18.6 

13,015 

14.6 

12-7 

33.421 

21.4 

J5-7 

17.643 

17.3 

18.7 

12,879 

14.6 

13. S 

23.207 

2T.2 

1  15. a 

17.470 

17-2 

1  18.6 

12,733 

14^4 

la.g 

22.995 

21.0 

1   i5*9 

17*298 

17. 1 

j'8.9 

12.589 

144 

n.o 

22.785 

20.9 

1   16.0 

17.127 

16.9 

19.0 

12.445 

144 

13*1 

22.576 

20.8 

1  16. 1 

16.958 

16.9 

19.1 

JI.302 

14'^ 

13.2 

22,368 

20.6 

16.2 

16.789 

16.8 

19. a 

12,160 

MJ 

n-3 

22,162 

20.4 

16.3 

16.621 

16.7 

19^3 

I2,Ot8 

I4>i 

13*4 

21.958 

20.1 

16. 4 

16,454 

16.6 

19  4 

11,877 

14.0 

13-5 

3t.7S7 

20.0 

16.5 

i6.a$8 

16.4 

n% 

11.737 

13.9 

136 

2i,5S7 

19.9 

16.6 

16.124 

16.3 

19.6 

11.598 

I3f 

13.7 

21,35a 

19.3 

16.7 

15961 

16.1 

19.7 

".459 

13.« 

I3.fl 

11,160 

19. 8 

16,8 

15.798 

16.2 

1^.8 

irt32i 

tJJ 

13-9 

20,962 

-197 

16.9 

IS  1636 

—  16.0 

19.9 

11,184 

-1J.7 

14.0 

20.765 

!   17^0 

15.476 

20.0 

11,047 

*This  table 
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TABLE   I.     Barometric  Elevation. — Continued. 


Containing  A  —  62737  log 


30 


Argument,  h. 


A. 

Dif.  for 

.01. 

A. 

A. 

Dif.  for 
.01. 

k. 

A. 

Dif.  for 

.01. 

Ftet. 

Feet. 

Inches. 

Feet. 

Feet. 

Inches. 

Feet. 

Feet. 

11.047 

-13.6 

23.0 

7.239 

-II. 8 

26.0 

3,899 

-10.5 

10,911 

13.5 

23.1 

7,121 

II. 7 

26.1 

3  794 

10.4 

10.776 

13.4 

23.2 

7,004 

II. 7 

26.2 

3,690 

10.4 

10,642 

13.4 

23.3 

6,887 

II. 7 

26.3 

3.586 

10.3 

10,508 

13.3 

23.4 

6.770 

II. 6 

26.4 

3.483 

10.3 

10.375 

13.3 

23.5 

6.654 

11.6 

26.5 

3.380 

10.3 

10,242 

13.2 

23.6 

6.538 

II. 5 

26.6 

3,277 

10.2 

10,110 

13. 1 

23.7 

6,423 

11.5 

26.7 

3,175 

10.2 

9.979 

13. 1 

23.8 

6,308 

II. 4 

26.8 

3.073 

10. 1 

9,848 

13.0 

23.9 

6.194 

II. 4 

26.9 

2.972 

10. 1 

9.718 

12.9 

24.0 

6,080 

II. 3 

27.0 

2,871 

10. 1 

9.589 

12.9 

24.1 

5.967 

II. 3 

27.1 

2,770 

10. 0 

9.460 

12.8 

24.2 

5.854 

II. 3 

27.2 

2,670 

10. 0 

9.332 

12.8 

24.3 

5.741 

II. 2 

27-3 

2,570 

10. 0 

9,204 

12.7 

24.4 

5.629 

II. I 

27.4 

2,470 

9.9 

%^11 

12.6 

24.5 

5.518 

II. I 

27.5 

2.371 

9.9 

8,951 

12.6 

24.6 

5,407 

II. I 

27.6 

2,272 

9.9 

8,825 

12.5 

24.7 

5.296 

II. 0 

27.7 

2,173 

9.8 

8,700 

12.5 

24.8 

5.186 

10.9 

27.8 

2,075 

9.8 

8.575 

12.4 

24.9 

5.077 

10.9 

27.9 

1,977 

9-7 

8.451 

12.4 

25.0 

4.968 

10.9 

28.0 

1,880 

9-7 

8.327 

12.3 

25.1 

4,859 

10.8 

28.1 

1,783 

9-7 

8,204 

12.2 

25.2 

4.751 

10.8 

28.2 

1,686 

9-7 

8.0S2 

12.2 

25.3 

4,643 

10.8 

28.3 

1.589 

9.6 

7,960 

12.2 

25.4 

4,535 

10.7 

28.4 

1.493 

9.6 

7.838 

12. 1 

25.5 

4,428 

10.7 

28.5 

1.397 

9-5 

7.717 

12.0 

25.6 

4.321 

10.6 

28.6 

1.302 

9-5 

1.S91 

12.0 

25.7 

4.215 

10.6 

28.7 

1,207 

9.5 

7.477 

II. 9 

25.8 

4,109 

10.5 

28.8 

1,112 

9-4 

7.358 

-II. 9 

25.9 

4,004 

-10.5 

28.9 

1,018 

-9.4 

7.239  1 

26.0 

3899 

29.0 

924 
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TABLE  I.    Barometric  Elevations.— CfwtfwiM'iif, 

Containing  A  =  62737  ^og  —  .     Argument »  ^. 


k. 

A. 

Dif  for 

.01. 

1 

A. 

Dir.  ior 

j4. 

^. 

Dif  lof 

Intkrs. 

Fwri. 

Feei. 

\  /mrJktT. 

Ff^. 

FrwL 

/WJfi. 

^«*. 

A-..       1 

29,0 

924 

-9-4 

'    2^., 

-9.2 

30.4 

361 

-9.0 

29. T 

630 

9-4 

29*8 

9.1 

JO.  5 

451 

S,9 

39.2 

736 

9-3 

29-9 

9.1 

3o.a 

540 

e.(j 

2Q.3 

643 

9'3 

30.0 

^^1 

30.7 

629 

S.fi 

29.4    ^ 

550 

9-3 

30.1 

g.o 

30.8 

717 

8.8 

29.5 

458 

9. a 

30.2 

' 

9.0 

JCr,9 

S05 

^S.l 

29.6 

366! 

-9.2 

30^3 

-Q,0 

3I.O 

-S53 

n-l 

374 

30,4 

361    I                      1 

TABLE   IL 

CORRECTION     COEFFICIENTS     TO     BAROMETRIC     ELEVATIOKS 
FOR  TEMPERATURE   AND   HUMIDITY.* 


h-rt'. 

C. 

t,-¥r. 

C 

/,  +  /'. 

c. 

0" 

—0. 1025 

60 

—0.0380 

120 

+0.0262 

5 

-  .0970 

65 

—    .0326 

125 

+  .0315 

10 

-  .0915 

70 

-    .0273 

130 

+  .0368 

15 

-  .0860 

75 

—    .0220 

135 

+  .0420 

20 

-  .0806 

80 

-    .0166 

140 

+  .0472  I 

25 

—  .0752 

85 

—    .0112 

145 

+  .0524 

30 

-  .0698 

90 

-    .0058 

150 

+  .0575 

35 

-  -0645 

95 

—    .0004 

155 

+  .0626 

40 

-  .0592 

ICX> 

+     0049 

160 

+  .0677 

45 

-   -0539 

105 

+   .0102 

165 

+  .0728 

50 

—   .0486 

•  0 

+   .0156 

170 

+  .0779 

55 

-   .0433 

115 

+   .0209 

175 

+  .0829 

60 

-   .0380 

120 

+   .0262 

180 

+  .0879 

♦This  table  compiled  from  tables  I.  and  IV.  of  Appendix  10  of  Report©/ 
the  U.  S.  Coast  and  Geodetic  Survey  for  1881. 
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Example, 

From  observations  made  at  Sacramento,  Cal.,  and  at  Sum- 
mit on  the  top  of  the  Sierra  Nevada  Mountains,  the  annual 
means  were : 

h'  =  23.288  in.  /'  =  42.1  F. 

h^  =  30.014  in.  /i  =  S9.9. 

From  table  I.  we  have 

A  =  6901.0  feet. 
-4,  =  —  12.7     " 

A'—A^  =  6913.7     •* 

From  table  II.  we  find  for  t'  -\-t^—  I02''.0,  C=  +  .0070. 
.  • .  ^  =  6913.7  (1  +  .0070)  =  6962  feet. 

138.  Use  of  the  Aneroid. — The  aneroid  barometer  should 
be  carried  in  a  leather  case,  and  it  should  not  be  removed  from 
it.  It  should  be  protected  from  sudden  changes  of  tempera- 
ture, and  when  observations  are  made  it  should  have  the 
temperature  of  the  surrounding  outer  air  It  should  not  be 
carried  so  as  to  be  affected  by  the  heat  of  the  body,  and  should 
be  read  out  of  doors,  or  at  least  away  from  all  artificially 
warmed  rooms.  Always  read  it  in  a  horizontal  position.  The 
index  should  be  adjusted  by  means  of  a  screw  at  its  back,  to 
agree  with  a  standard  mercurial  barometer,  and  then  this  ad- 
justment left  untouched. 

When  but  a  single  instrument  is  used  it  is  advisable  to  pass 
between  stations  as  rapidly  as  possible,  but  to  siop^X  a  number 
of  stations  during  the  day  for  a  half-hour  or  so,  reading  the 
barometer  on  arrival  and  on  leaving.  The  difference  of  these 
two  readings  shows  the  rate  of  change  of  barometric  readings 
due  to  changing  atmospheric  conditions,  and  from  these  iso- 
lated rates  of  change  a  continuous  correction-cun^e  can  be  con- 
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structed  on  profile  or  cross-section  paper  from  which  the 
instrumental  corrections  can  be  taken  for  any  hour  of  tlie 
day  *  The  observations  should  be  repeated  the  same  day  in 
[irevcrse  order,  the  corrections  applied  as  obtained  from  this 
correction  curve,  and  the  means  taken.  Observations  shouUi 
be  made  when  the  humidity  of  the  air  is  as  nearly  constant  as 
possible,  and  never  in  times  of  changeable  or  snowy  weather. 

Let  the  student  measure  the  heights  of  buildings,  hills,  etc,, 
and  then  test  his  results  by  level  or  transit, 

7i7  inter polate  elevations  bciwem  Hm  points  whose  tlevatiom 
are  knotvn,  take  a  reading  at  the  first  known  point  and  pass 
rapidly  toward  the  other  known  pointy  taking  intermediate 
readings  at  determinate  distances,  and  so  continue  until  the 
second  point  is  reached,  when  a  reading  is  also  taken  here*    The 

! error  in  the  determination  between  the  two  known  points  may 


Time  Qf  Readings 
Fig    jga. 


Ai\  Corr'd  Bur.  Reudingt 
Fig.  09^. 

now  be  distributed  along  the  line  either  proportionately  to  thej 

differences  of  elevation  or  to  the  intervening  time,  or  to  both, 
in  the  following  manner.  To  correct  for  the  time  changes  in 
the  barometric  readings,  return  at  once  to  the  first  known  point*! 
and  take  duplicate  readings  at  all  the  intervening  points  at 
which  readings  were  previously  taken.  Note  the  discrepancy 
between  the  first  and  final  barometric  readings  at  the  initial 
station*  and  correct  all  intermediate  readings  for  their  corres- 
ponding  time  intervals.  This  can  be  readily  done  graphically 
by  taking  time  as  one  co-ordinate  and  the  final  discrepancy  at 
the  initial  station  as  the  other,  and  joining  the  two  extreme 
points  of  these  lines  by  a  straight  line,  as  indicated  in  Fig,  2ga. 

♦  Mr,  Cbas,   A.   Ashbumefj  Geologist  of  the  Penn,  Geot  Survey,  Ims  used  ^ 
this  method  with  good  resalts* 
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Having  thus  made  the  time  correction,  the  barometric  read^ 
ings  may  be  corrected  for  elevation  by  another  graphical  dia- 
gram, such  as  is  shown  in  Fig.  2gb,  wherein  the  co-ordinates  are 
the  average  corrected  barometric  readings  at  the  several  iitatjons 
and  the  known  difference  of  elevation  of  the  terminal  station. 
Thi*^  known  difference  of  elevation  thus  gives  a  true  interpreta- 
tion of  all  barometric  differences  independent  of  the  use  of  any 
particular  formula.  Presumably  the  time  corrections  have 
included  also  temperature  changes. 

This  method  nf  leveling  between  known  points  is  commonly 
employed  in  Switzerland,  and  usually  by  going  over  the  route 
but  once.  In  this  case  the  time  change  could  be  corrected  by 
reading  a  duplicate  barometer  continuously  at  some  stationary 
point  in  the  imiTiediate  vicinity. 


Fifi.    ^(J.— FROhTT  VlHW. 


Ftc.  3t.— Back  View, 


THE   PEDOMETER. 
139,  The  Pedometer  is  a  pocket-instrument  for  register^ 
ing  the  number  of  pace^  taken  when  walking.     It  is  generally 
made  in  the  form  of  a  watch,  the  front  and  back  views  being 
shown  in  Figs.  30  and  31, 
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When  the  instrument  is  attached  to  the  belt  in  an  upright 
position,  as  here  shown,  the  jar  given  it  at  each  step  causes  the 
weighted  lever  shown  in  Fig,  31  to  drop  upon  the  adjustable 
\  screw  S.    The  lever  recovers  its  position  by  the  aid  of  a  spring, 
and  in  so  doing  turns  a   ratchet-wheel  by  an  amount   propor- 
tional to  the  amplitude  of  the  lever's  motion.     This  may  be 
adjusted  to  any  length  of  pace  by  means  of  the  screw  S,  which 
i.*^  turned  by  a  key.    The  face  is  graduated  hke  that  of  a  watcK 
land  gives  the  distance  travelled  in   miles.     This  histrumeiit 
[may  also  be  used  on  a  horse,  and  when  adjusted  to  the  length 
of  a  horse's  step  will  give. equally  good  results.     The  accuracy 
of  the  result  is  in  proportion  to  the  um/ormify  of  the  step^, 
after  having  been  adjusted  properly  for  a  given  individual 
The  instrument  is  only  used  on  explorations,  preliminary  sur- 
veys, and  reconnoissaace-w^ork. 

T/i^  Length  of  Alms  Sicps  has  been  investigated  by  Prof. 
Jordan^^  of  the  Hanover  Polyiecimic  SchooL  From  256 
step-measurements  by  as  many  different  individuals,  of  lines 
from  650  to  1000  feet  in  length,  carefully  measured  by 
rods  and  steel  tapes,  he  concludes  that  the  average  length  of^ 
step  is  2.64S  feet,  ranging  from  2.066  to  3.182  feet.  The  mea 
deviation  from  this  amount  for  a  single  measurement  was 
J:  0,147  ^^^^^  o^  si  P^^  ^^^'^t-  The  average  age  of  the  persons 
making  these  step-measurements  was  20  years.  The  length  of 
step  decreases  with  the  age  of  the  individual  after  the  age  of 
25  to  30  years.  It  is  also  proportional  to  the  height  of  the 
person*  The  results  for  iS  different-si^ed  persons  gave  the 
following  avera^res: 


Height  of  person 

5'.08 

5'.2S 

S'^i 

s^ss 

5'^74 

§',90 

6'^7 

6%23    6'40 

6^56 
2J5 

Length  of  step.. 

246 

2^53 

3.56 

2.59 

..63 

2,69 

a, 72 

a,7& 

2,79 

I 


•  See  translation  10  EngiH^ering  News  for  July  25,  1885, 
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On  slopes  the  step  is  always  shorter  than  on  level  ground, 
whether  one  goes  up  or  down.  The  following  averages  from 
the  step-measurement  of  136  lines  on  mountain-slopes  along 
trails  were  found: 


Slope.. , 

0" 

5"    , 

10' 

15^ 

20^ 

«5- 

30- 

I^ci^h  of  step  in  ascending 

2-53 

2'.30 

2\03 

1^84 

rV64 

1.48 

Lcngiti  af  step  in  descend jng«. , « . , 

2'.53 

2.43 

a\36 

2^30 

a\2o  j 

1.97 

f.64 

The  length  of  the  step  is  also  found  to  increase  with  the 
length  of  the  foot.  One  steps  farther  when  fresh  than  vvlien 
tired.  The  increase  in  the  length  of  the  step  is  also  in  nearly 
direct  proportion  to  the  increase  of  speed  in  walking. 

When  the  proper  personal  constants  are  determined,  and 
when  walking  at  a  constant  rate,  distances  can  be  dctermint'd 
by  pedometer,  or  by  counting  the  paces,  to  wltiiin  about  two 
per  cent  of  the  truth*  Ofu  should  ahmys  take  his  natural  step, 
and  not  an  artificial  one  which  is  supposed  to  have  a  known 
value,  as  three  feet,  for  instance.  Let  a  base  be  measured  off 
and  each  student  determine  the  length  of  his  natural  step  when 
walking  at  his  usual  rate,  or,  what  is  the  same  thing,  find  how 
many  paces  he  makes  in  1 00  feet.  He  then  has  always  a 
ready  means  of  determining  distances  to  an  approximation, 
which  in  many  kinds  of  work  is  abundantly  sufficient. 


THE  ODOMETER. 

140.  The  Odometer  is  an  instrument  to  be  attached  to 
the  wheel  of  a  vehicle  to  record  the  number  of  revolutions 
made  by  it.  One  form  of  such  an  instrument  is  shown  in 
Fig,  32  attached  to  tlie  spokes  of  a  wheel. 

Each  revolution  is  recorded  by  means  of  the  revolution  of 
an  axis  with  reference  to  the  instrument,  this  axis  really  being 


I4<^ 
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held  stationary  by  means  of  an  attached  pendulum  which  doef; 
not  revolve.  The  instrument  realty  revolves  abotit  thi!^  fixed 
axis  at  each  revolution  of  the  wheel,  and  the  number  of  times 


Fic.  ^* 


it  does  this  is  properly  recorded  and  indicated  by  appropriate 
gearing  and  dials. 

This  method  of  measuring  distances  is  more  accurate  thar^ 
by  pacing,  as  the  length  of  the  circumference  of  the  wheel  is  ft 
constant.  This  length  multiplied  by  the  number  of  revolu- 
tions is  the  distance  travelled.  It  is  mostly  used  by  exploring' 
parties  and  in  military  movements  in  new  countries  which  have 
not  been  surveyed  and  mapped. 
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^  THE  CLINOMETER- 

141.  The  Clinometer  is  a  hand  instrument  for  determta 
ing  the  slope  of  ground  or  the  angle  it  makes  with  the  horizon* 
It  consists  essentially  of  a  level  bubble,  a  graduated  arc,  and  a 
line  of  sight,  so  joined  that  when  the  line  of  sight  is  at  any  angle 
to  the  horizon  the  bubble  may  be  brought  to  a  central  position 
and  the  slope  read  off  on  the  graduated  arc.  Such  a  combina- 
tion is  shown  in  Fig,  33,     It  is  called  the  Abney  level  and 


tlinomcter,  being  really  a  hand-level  when  the  vernier  is  set  to 

read  zero.     The  position  of  the  bubble  is  visible  when  looking 

through  the  telescope,  the  same  as  with  the  Locke  hand-level, 

shown  in  Fig.  16,  p.  82*     The  body  of  the  tube  is  made  square* 

so  that  it  TTiay  be  used  to  find  vertical  angles  of  any  surface  by 

pWing  the  tube  upon  it  and  bringing  the  bubble  to  the  centre. 

The  graduations  on  the  inner  edge  of  the  limb  give  the  slope 

n  terms  of  the  relative  horizontal  and  vertical  components  of 

any  portion  of  the  line ;  thus,  a  slope  of  2  to  i  signifies  that 

the  horizontal  component  is  twice  the  vertical.     In  reading  this 

^le  the  edge  of  the  vemier^arm  is  brought  into  coincidence 

^vith  the  graduation. 

This  instrument  is  very  useful  in  giving  approximate  slopes 

I  |>rf]iminar\'  surveys,  the  instrument  being  pointed  to  a  posi- 
10 
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tion  as  high  above  the  ground  as  its  own  elevation  when 
to  the  eye. 


THE   OPTICAL   SQUARE. 


142.  The  Optical  Square  is  a  small  hand  instrument  i 
to  set  off  a  right  angle*     it  is  shown  in  Fig.  34*  the  methoi 


Its  use  beinc^  evident  from  the  figure.     Thus,  while  the  rod 
o  is  seen  directly  through  the  opening,  the  rod  at  /  is  .stSrn 
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the  glass  as  the  prolongation  downwards  of  that  of  &,  it  being 
reflected  from  the  mirrors  /  and  c  in  succession^  they  having 
an  angle  of  45*"  with  each  other.  By  tins  means  a  line  may  be 
located  at  right  angles  to  a  given  line  at  a  given  point,  or  a 
point  in  a  given  line  may  be  found  in  the  perpendicular  to  this 
line  from  a  given  point* 


I 


THE  PLANIMETEIU 


143.  The  Planimeter  is  an  instrument  used  for  measuring 
areas  that  have  been  drawn  to  scale.  It  h  a  marked  example 
of  high  mathematical  analysis  embodied  \n  a  very  simple  and 
useful  mechanical  appliance.  Three  oi  the  best  forms  of  the 
instrument  will  be  described* 


Fis^jf. 


Fig.  35  is  Amsler's  Polar  Planimeter.  It  consists  of  a  metal 
arm,  ri,  carrying  a  needle  point  at  ?and  pivoted  at  I'to  a  frame 
through  which  slides  a  second  metal  arm,  k^  and  to  which  is  at- 
Uthed  an  axis,  ab,  carrying  a  rolling  wheel,  r,  and  a  worm  gear 
which  turns  a  record  disk,  /,  The  arm  k  may  be  adjusted  so 
that  any  required  length,  within  the  limits  of  the  instrument, 
from  pivot  i  to  tracing  point  d  may  be  used, 
I  When  in  use  the  instrument  rests  on  three  points*  €\  d,  and 
the  circumference  of  the  wheel  r.  To  measure  an  area,  the 
needle  point  €  is  fastened  in  the  drawing  in  a  convenient 
position,  and  ihe  point  i/made  to  circumscribe  the  required  area- 
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This  causes  the  wheel  c  to  rotate,  and  the  number  of  revolu- 
tions made,  as  indicated  by  the  record  disk  /  aad  the  ver- 
nier m,  multiplied  by  a  constant,  is  the  required  area*  The 
determination  of  this  constant*  involving  the  theory  of  the 
instrument^  wil[  be  given  in  such  form  as  to  be  intelligible  to 
students  who  have  not  studied  the  calculus. 


4 
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144,  Theory  of  the    Polar   Planime- 

ten* — In  Fig.  36  the  essential  parts  of 
the  instrument  are  lettered  as  in  Fig.  35. 
The  instrument  is  so  constructed  that 
the  angle  tp  can  never  be  less  than  0°  nor 
more  than  180'';  that  is,  neither  i/  nori^ 
can  cross  eL  ^| 

Any  infinitesimal  portion  of  d's  path, 
in  circumscribing  an  area,  as  dd\  may  be 
conceived  to  be  the  resultant  of  two 
infinitesimal  component  motions,  ^j  and 
sd' ;  ds  being  described  by  a  motion  of 
£^  about  ^  as  a  center,  the  angle  ^  remaining  fixed,  while  $d' 
is  motion  of  d  directly  toward  r,  or  normal  to  ds,  the  angle  f 
changing  in  value.  Each  of  these  motions  has  its  due  effect  in 
moving  the  wheel  i:  and  causing  it  to  turn*  For  a  given  mot  ion  _ 
of  either  class  the  amount  the  wheel  c  will  turn  depends  oil 
the  value  of  the  angle  ip^  as  will  presently  be  shown.  It  is  evi-' 
dent  that»  in  circumscribing  a  closed  area,  the  tracing  point 
will  move  as  much  toward  e  as  it  does  from  c,  and  that  for  each 
element  of  motion  toward  e  there  will  be  a  corresponding  ele- 
ment from  e  with  an  equal  value  of  (p.  Hence  the  resulting 
turning  of  the  wheel  for  radial  motion  of  d  is  nil  and  need 
not  be  considered.  J 


on    I 


•  The  following  demonstraiion  h*s  been  given  the  author  by  VttA*  Win.  G 
Raymond,  Retis,  Poly*  Inst.,  formerly  of  the  University  of  Californk* 
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Corresponding  right  and  left  elements  of  circumferential 
motion  of  «/are  not  made  with  equal  values  of  q^^  and  hence 
the  final  record  of  the  wheel  is  due  to  this  class  of  motion. 
To  show  the  effect  of  changes  in  fp  (Fig;  36a): 

When  ^ is  so  situated  that  ec  d 
is  a  right  angle,  motion  about  r, 
^remaining  fixed,  causes  norolU 
ing  of  the  wheel  c*  For  €  rotates 
about  e  as  a  center  with  radius 

t^r,  which  is  normal  to  the  axis 
of  the  wheel,  and  hence  the  axis 
of  the  wheel  lies  in  the  direction 
of  motion  and  the  wheel  slips- 
The  circumference  that  would 
thus  be  traced  by  rf,  tp  remaining 
fixed,  in  a  complete  revolution  about  e,  is  called  the  zero  ciP 
cumference.     Its  radius  tdls  easily  shown  to  be 


and 


tp  ^  cos"'  ^- 


For  ^  less  than  this  value,  t\  r.,  d  farther  from  e,  right-handed^ 
or  clockunse^  motion  of  d  about  r  will  cause  r  to  partly  slip  and 
partly  roll,  and  a  moment's  consideration  will  show  that,  looking 
from  e  to  d,  its  roll  will  be  clockwise.  Rolling  in  this  direction 
is  called /tf5/>xW  and  the  wheel  is  accordingly  graduated. 

If,  on  the  other  hand,  (/be  brought  nearer  to  ^than  the  stero 
ctrcumference,  clockwise  motion  of  ^  about  e  causes  c  to  both 
slip  and  ikjH,  and  the  roll  is  counter  clockwise,  or  negative. 

Left-handed  motion  of  </ will  cause  rs  roll  to  be  negative  for 
dmuidethc  zero  circumference  and  positive  for  d  inside  the 
lero  circumference. 


I 
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To   determine   the   relation    of   tlie   roll   of   the    wheel  to 
the  area  circiinnscribed  (Fig.  $66): 

Let  tit/'  be  an  infinitesimal  cir- 
cumferential component  of  tfn  mo- 
lion  due  to  the  motion  of  the  whole 

' ^t    about    f   through    the 

ti  lal  angle  A< 

leel  c  moves  through  the 
partly  rolling  and  partly 
The  roll  is  that  component 
ion  €c'  normal  to  its  axis, 
fioncnt  may  be  considered, 
m  tuc  iiuinltcsimal  triangle  ccs,  Vi 
be  cs,  normal  to  c*i\ 

Let  P  be  the  arc  corresponding  tu 
the  small  angle  A  when  the  radius  is  unity.    Then 


and  the  ro//  of  the  wheel  is 

cs  =  P.  c^e.  cos  c'cs. 

Since  the  angle  A  is  very  small,  cc'  may  be  considered  nor 
mal  to  c'e,  hence 

c'cs  =  ec^v, 
e  V  being  a  perpendicular  on  fV  produced. 


Then 


c'v  ^  ec\  cos  edv 
X  ec'  cos  c'cs. 
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?Vhence,  cs  =  P.  c'v, 

\.lso,  ^v  =  fcos  q^^g* 

AThence,  cs  =^  P{f  cos  (p  '-  g).  (i) 

And  this  is  the  roll  of  the  wheel  due  to  motion  of  d  through 

To  get  an  expression  for  the  area  dd'o^oi 
By  Trigonometry, 


ed=^  V/*  +  A*  +  2fh  cos  9, 
dd^^ed.P. 

The  area  of  a  sector  is  its  arc  multiph'ed  by  half  its  radius  ; 
whence, 

Area  edd'^  i  -P(/*  +  A»  +  2fh  cos  (p).  (2) 

Similarly,  using  the  value  of  eo  previously  found, 

Axtdieod  =  i  P{r+  le  +  2gh).  (3) 

Subtracting  (3)  from  (2),  it  is  found  that 

Area  dd!o'o  =  Ph  {f  cos  (p-'g\  (4) 

which,  it  is  observed,  is  equation  (i)  multiplied  by//,  whence 
the 

Proposition. — The  distance  rolled  by  the  wheel  c,  for  given 
motion  of  d,  when  multiplied  by  //,  gives  the  area  included  be- 
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twan  ds  pafk^  the  zero  circumference,  and  ike  radial  lines  ta  d's 
iniiiai  and  final  position. 


To  show  that  in  circumscribing  a  closed  area  with  the  mt- 
ing  point  d  the  roll  of  the  wheel  is  correctly  sumnned  for 
motion  of  d  right  handed  and  left  handed,  and  inside  oroyi- 
side  the  zero  circumference : 

In  Fig.  36^,  let  the  area  dd^d^d^  be  traced,  beginning  at  i, 

and  moving  clockwise.  For  mo- 
tion from  d  to  d^  the  wheel  rolls 
positively  an  amount  equal  to  the 
area  dd^o'o  divided  by  A  ;  for  mo- 
tion from  d^  to  d^  the  roll  of  tbe 
wheel  will  be  neutralized  by  mo- 
tion from  d^  to  d\  for  motion  from 
d^  to  d^  the  roll  of  the  wheel  is 
negative  and  equal  to  the  area 
d^o'od^  divided  by  lu  Hence  the 
resulting  roll  of  the  wheel  due  to 
circumscribing  the  area  dd^d^d^  is 
that  area  divided  by  A.* 
Since  the  area  obtained  by  the  wheel  for  a  given  motion  of 
the  tracer  ^  is  the  area  lying  between  d*s  path  and  the  zero  cir- 
cumference, it  follows  that  if  c  is  placed  within  the  area  to  be 
measured  so  that  ^  makes  a  complete  revolution  about  e  there 
must  be  added  to  the  result  obtained,  paying  attention  to  its 
sign,  the  area  of  the  zero  circumference.f     It  is 
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^  =»:(/•+/«• +  2//^); 


*  L/C  I  the  student  reason  similarly  af  the  areas  iiid%d^d^  and  d^d^d^di, 
+  Let  the  student  discuss  with  a  dia^am  the  three  cases  :  1.   Perimeter  wh^lljj 
without  the  «ro  drciinift!r*'tice  :  2.  Perimeter  whoUy   within  the  lero  circufflfeP 
eace  ;  and,  3.  Perimeter  partly  within  and  partly  without  the  lero  circumference,  j 


ADJUSTMENT,    USE,    AND   CARE   OF  iNSlRUMENTS.    I49 


k  being  known,  if /and  j^  are  not  furnished  by  the  maker,  the 
«area  may  nevertheless  be  found  by  circumscribing  a  known 
area  with  the  point  e  within  it  and  comparing  it  with  the 
result  obtained  by  the  instrument. 

Since  the  roll  of  the  wheel  for  each  area  circumscribed 
must  be  multiplied  by  h  to  obtain  the  area,  and  since  the  roll 
is  equal  lo  the  circumference  of  the  wheel  multiplied  by  the 
number  of  revolutions  (the  quantity  read  from  the  scale),  it 
|becomes  nec€ssar>'  to  determine  values  for  k  for  the  various 
kinds  of  areas  that  may  be  measured,  such  that  the  work  of 
multiplying  may  be  a  minimum* 

145-  To  Find  the  Length  of  Arm  for  Given  Conditions. — 

Let  r  be  the  circumference  of  the  wheel  and  n  the  number  of 
revolutions  for  a  given  area,  A ;  then 


I- 


A  "  k  nc^ 


Since  €  is  a  fixed  quantity,  he  may  be  placed  equal  to  a  con- 
venient constant  and  a  value  for  h  determined.  The  only 
caution  to  be  observed  is  that  A  must  be  made  a  convenient 
length  for  use.     If  it  is  desired  to  measure  square  inches^ 


llet 
whence, 


\c  =  lo; 


€ 


Since  e  is  usually  between  two  inches  and  three  inches,  this 
will  give  a  convenient  value  for  A»  which  value  being  set,  any 
area  circumscribed  by  d  is  given  by 

A  =  ID«. 


ISO  SURVEYINQ. 


The  reading  of  the  inatrument  is  usually  to  one  one-thou- 
sandth of  a  revolution,  the  disk  recording  whole  revolutions 
and  the  scale  and  vernier  fractional  revolutions. 

The  value  of  c  is  usually  furnished  by  the  maker,  but  for  an 
additional  charge.  If  not  so  furnished,  it  may  be  found  thus: 
Circumscribe  any  known  c  c  outside  of    it»  with  a 

known  length  of  arm  //,  and  i  record  n,  of  the  wheel. 

Then  ^» 

r 

If  the  arm  A  is  not  graduated,  it  may  be  set  by  trial  so  that 
A  =  io«  when  the  value  of  c  is  not  required.     If  a  diagram  be 

drawn  to  a  scale  of  y^  feet  per  inch,  each  square  inch  of  paper 
represents/"  square  feet  of  actual  area  ;  and  if  it  is  desired  to 
avoid  multiplication,  the  arm  //  may  be  set  so  that  a  single 
revolution  of  the  wheel  shall  correspond  to  a  convenient 
number  of  units  of  actual  area-  Let  A  be  the  actual  area 
represented  by  a  on  the  diagram  ;  then 

ra  =  A, 

and  a  —  /inc; 

whence^  A  ^/^/inc* 

pkc  may  be  assumed   a  convenient  quantity  and  h  deter- 
mined. 

Example, — The  scale  of  a  diagram  is  40  feet  per  inch  ;  tki) 

A  =  1600  h  n  c. 
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Assume  i6cx> he  ^  20000 ; 

2CXXX> 


then  h  = 


1600^' 


which  will  give  a  practical  working  value  for  A,  and  th< 
figures  representing  the  record  of  the  wheel  for  any  area  cir- 
cumscribed, without  decimal  point,  multiplied  by  20,  will  give 
the  area  in  square  feet.  The  instrument  is  supposed  to  read 
to  thousandths  of  a  revolution.  If  the  horizontal  scale  is  J 
feet  per  inch  and  the  vertical  scale  is/'  feet  per  inch,  the  equa- 
tion for  determining  h  would  stand 

A  =ffknc. 

Similarly,  if  a  number  of  areas  are  to  be  determined  and  multi 
plied  by  a  constant  length,  d,  as  in  railroad  earth-work,  the 
expression  for  a  single  volume  v^  of  area  a^  would  be,  dividing 
by  27  to  reduce  to  cubic  yards, 

'         27    ' 
but  a^=  hnc\ 

whence,  v.  =  - —  //  n  c. 

27 

Pd 
A  convenient  quantity  may  be  chosen  for  - --//rand  h  deter- 

mined. 
The  sum  of  a  series  of  volumes,  each  of  length  d,  is 

V=  v^  ■\-  7\  +  v^  +  &c.  =  ^v 


IS* 


SUKVEyiNG. 


=  ^/!^ 


=  ^ 


27 


/tne 


=  - — /ic^n; 

27 

whence  it  is  only  necessary  to  circumscribe  each  area  in  sue 
cession,  add  the  records  of  the  wheel,  and  apply  the  coefficient* 
If  all  the  areas  are  platted  from  the  same  base-line  the  tracer 
may  be  moved  continuously  around  the  areas*  traversing  each 
area  as  many  times  as  it  is  used  in  the  summing,  and  only  tht: 
final  single  record  read,  which  is  of  course  the  sum  of  all  the 
records.  A  great  variety  of  other  problems  may  be  solved 
with  the  instrument. 

146.  The  Suspended  Planimeten— This  is  shown  in  Fig* 
37.     It  is  essentially  a  polar  planimeter,  the  pole  being  at  C 


\t  has  the  advantage  of  allowing  the  wheel  to  move  over  the 

smooth  surface  of  the  plate  S,  instead  of  over  the  paper,  thus 
giving  an  error  about  one  sixth  as  great  as  that  of  the  ordina- 
ry polar  instrument.  The  theory  of  its  action  is  essentially 
the  same  as  the  other. 

147,  The  Rolling  Planimeter  is  the  most  accurate  instrii- 
ment  of  its  kind  yet  devised*  Its  compass  is  also  indefinitely 
increased,  since  it  may  be  rolled  bodily  over  the  sheet  for  any 
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distance,  on  a  right  line,  and  an  area  determined  within  certain 
limits  on  either  side.  It  is  therefore  especially  adapted  to  the 
measuring  of  cross-sections,  profiles,  or  any  long  and  narrow 
surface.  Fig.  38  shows  one  form  of  this  instrument  as  de- 
signed by  Herr  Corradi  of  Zurich.  It  is  a  suspended  planim- 
cEcr,  inasmuch  as  the  wheel  rolls  on  a  flat  disk  which  is  a 
part  of  the  instrument,  but  it  could  not  be  called  a  polar  p!a- 
nimeter,  the  theory  of  its  action  being  very  different  from  that 
instrument.     The  frame  B  is  supported  by  the  shaft  carrying 


Fig.  JS. 


the  two  rollers  R^,  To  this  frame  are  fitted  the  disk  A  and  the 
axis  of  the  tracing-arm  F.  The  %vhole  apparatus  may  thus  move 
:o  and  fro  indefinitely  in  a  straight  line  on  the  two  rollers  while 


the  tracing-point  traverses 
measured*    The  shaft 


the 


perimeter  of  the  area  to  be 
carries  a  bevel-gear  wheel,  R^,  wliich 
moves  the  pinion  R^.  This  pinion  is  fixed  to  the  axis  of  the 
disk,  and  turns  with  it,  so  that  any  motion  of  the  rollers  /T, 
causes  the  disk  to  revolve  a  proportional  amount,  and  the 
component  of  this  motion  at  right  angles  to  the  axis  of  the 
wheel  E  is  recorded  on  that  wheel     If  the  instrtiment  remaiM 


1 


'54 
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stationary  on  the  paper  (the  rollers  R  not  turning)  and  th 
tracing-point  moved  laterally,  it  will  cause  no  motion  of  the" 
wheel,  since  its  axis  is  parallel  to  the  arn^  F,  and  turns  about 
the  same  axis  with  F^  but  90"^  from  it ;  the  wheel  £,  therefore, 
moves  parallel  with  its  axis  and  does  not  turn, 

148,  Theory  of  the  Rolling  Planimeten^This  will  k 
developed  by  a  system  of  rectangular  coordinates,  the  path  of 
the   fulcrum  of   the   tracing-arm    being  taken  as  the  axis  trf 


Fig.  39. 

abscissae.  The  path  of  the  tracing-point  will  be  considered 
as  made  up  of  two  motions,  one  parallel  to  the  axis  of  abseil- 
sse  and  the  other  at  right  angles  to  it.  The  elementar>*  area 
considered  will  be  that  included  between  the  axis  of  absciss^ 
and  two  ordi nates  drawn  to  the  extremities  of  an  elemental' 
portion  of  the  path.  But  since  this  element  of  the  penoieter 
Is  supposed  to  be  made  up  of  two  right  lines,  one  perpendicu- 
lar to  the  axis  of  abscissae  and  the  other  parallel  to  it,  ou 
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elementary  area  must  also  be  divided  in  a  similar  manner. 
It  will  at  once  be  seen  that  one  part  of  this  area  is  zero»  since 
the  two  ordinates  bounding  it  form  one  and  the  same  line. 
This  is  the  part  generated  by  the  motion  at  right  angles  to 
the  axis  of  abscissae*  Now,  we  have  just  shown  in  the  previous 
article  that  the  wheel-record  for  this  part  of  the  path  is  also 
zera*  We  are  brought  therefore  to  this  important  conclusion  : 
that  all  components  of  motion  of  the  tracing-paint  at  right  angles 
to  the  axis  of  abscissm  have  no  influence  upon  the  result.  We 
will  therefore  only  discuss  a  differential  motion  of  the  tracing- 
point  in  the  direction  of  the  axis  "of  abscissae. 

In  Fig,  39,  which  is  a  linear  sketch  of  the  instrument  shown 
in  Fig.  3S,  with  the  corresponding  parts  similarly  lettered,  it 
is  to  be  shown  that  the  motion  of  the  wheel  E  caused  by  the 
movement  of  the  tracing.point  over  the  path  dx  is  equal  to 
the  corresponding  area^rfr  multiplied  by  some  constant  which 
is  a  function  of  the  dimensions  of  the  instrument. 

It  is  evident  that  a  motion  of  the  tracing-point  in  the  di- 
rection of  the  axis  of  abscisst-e  can  only  be  obtained  by  moving 
the  entire  instrument  on  the  rollers  by  the  same  amount,  and 
therefore  when  the  point  moves  over  the  path  dx  the  circum- 
ferences of  the  rollers  R^  have  moved  the  same  amount.     This 

causes  a  movement  of  the  pitch  circle  of  R^  of  dx  -h*    This 

motion  is  conveyed  to  the  disk  through  R^,  so  that  any  point 
on  this  disk,  as  a,  distant  ad  from  the  axis,  moves  through  a 


I 


I 


*  This  is  not  strictly  correct,  although  it  leads  in  correct  resalti*  The  campo* 
oeiits  of  motion  are  really  one  parallel  to  the  axis  of  j,  and  one  about  the  pivot  g 
as  a  center.  This  latter  movement  makes  no  record  on  the  wheel,  but  it  doe^  gen> 
cjafe  an  cleraentary  area  included  between  this  element  of  the  path,  the  ordtnatn 
lo  Its  octremilJeSi  and  the  axk  of  x.  These  areas  are  either  added  to  or  cot  from 
the  areas  made  by  the  onward  elcmetit  of  motion  in  such  a  way  as  to  oiacily  balance 
when  the  tracing  point  starts  from  and  returns  to  the  Wi  of  Xs  or  when  it  doses  on 
the  initial  point,  wherever  it  may  l>e. 


distance  equal  to  dx  ~  ,  ~  .     Let  ab^  Fig,  39,  be  this  distance, 

Then  we  have  ,        :   .  .  . 

ab  =^  dx  ~ 
^1 


(1) 


The  motion  of  that  port' 
rests,  equal  to  ab,  causes  the 
revolve  by  an  amount  equal 
ab  perpendicular  to  the  a: 
part  of  the  disk's  motion  i;^ 
wheel's  motion.     It  there 
multiplied  by  an  instrume 


■^e  disk  on  which  the  rolUf 
erence  of  the  wheel  £  to 
romponent  of  the  distance 
J  wheel  This  component 
this  is  the  measure  of  the 
ins  to  show  that  bc=ydx 
mt. 


Now, 


be—  ab  sin  bac. 


{*} 


But  bac  =  a  -\-  /3,  since  g-ac  and  bad  are  both  right  angles. 
Also,  bac  =  supplement  of  da^-  =  a-{-  /3. 
Also,  from  the  triangle  da^,  we  have 


or 


sin  dag^ :  sin  ag^d  ::  D  :  ad, 

Z>sin  or 

sm  («  +  /?)  =  -^^-.     , 


(3) 


Since  Fga  is  also  a  right  angle,  we  have  the  angle  formed 

y 
by  Fg  and  the  axis  of  abscissae  equal  to  a,  whence  sin  a  =  -^. 

We  may  now  write : 


be  =  ab  sin  (or  +  /?)  =  ab—^ =  ^*^^^- 


(4) 


Now,  substituting  the  value  of  ab  from  (i),  we  have 


(5) 


ADJUST.\fE\T,   USE,  AXU  CAME  OF  I.VSTMUMRNTS.     l$7 


Since  Z>,  R^,  F,  R^,  and  R^  are  all  constants  for  any  one 
instrument^  we  see  that  the  wheel*record  is  a  function  of  the 
area  generated  by  the  tracing-point  and  the  instrumental  con* 
stants,  which  was  to  be  shown.  It  now  follows  that  the  sum- 
mation of  alt  these  elementary  areas  Included  between  the 
path  of  the  tracing-point  and  the  axis  of  absciss^e^  is  repre- 
sented by  the  total  wheel-movement,  or  the  difference  between 
its  initial  and  final  readings,  provided  the  tracing-point  starts 
from  and  closes  on  the  axis  of  ^r^  or  closes  on  the  starting-point, 
wherever  that  may  be* 

The  following  comparison  between  the  rolling  and  the  polar 
plantmeters  may  be  made:  The  axis  of  x  corresponds  to  the 
zero  circle;  the  unrecorded  motion  about  the  pivot ^,  Fig.  39^ 
corresponds  to  the  balanced  record  of  the  motion  about  c.  Fig, 
36 ;  and  the  significant  forward  motion  of  the  former  to  the 
motion  about  /^as  a  center,  in  t!ie  latter. 

As  in  the  case  of  the  polar  instrument,  the  proper  length  of 
arm  /%  to  be  used  with  the  rolling-plani meter  to  give  results 
in  any  desired  unit,  depends  on  the  other  instrumental  con- 
stants. These  being  known,  the  value  of  Fmay  be  computed 
in  the  same  manner  as  with  the  polar  plantmeten 

149.  To  test  the  Accuracy  of  the  Planimeter,  there  is 
usually  provided  a  brass  scale  perforated  with  sniall  ho!es.  A 
needle-point  is  inserted  in  one  of  these  and  made  fast  to  the 
paper  or  board,  while  the  tracing-point  rests  in  another.  The 
latter  may  now  be  moved  over  a  fixed  path  with  accuracy. 
Make  a  certain  number  of  even  revolutions  forward,  or  in  the 
direction  of  the  hands  of  a  watch,  noting  the  initial  and  final 
readings.  Reverse  the  motion  the  same  number  of  revolutions, 
and  see  if  it  comes  back  to  the  first  reading.  If  not,  the  dis- 
crepancy is  the  combined  instrumental  error  from  two  meas- 
urements due  to  slip»  lost  motion*  unevenness  of  paper,  etc* 
If  this  test  be  repeated  w^iih  the  areas  on  opposite  sides  of 


I 
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the  zero-circle  in  the  case  of  the  polar-plan imeter,  or  on  oppo- 
site sides  of  the  axis  of  abscissse  in  case  of  the  rolling-planime' 
ter,  with  the  same  score  in  both  cases^  it  proves  that  the  pivot- 
points  a,  3,  k,  and  the  tracing-point  d  (Fig.  35),  are  in  the  same 
straight  line,  in  case  of  the  polar  instrument^  and  that  the  cor^ 
responding  points  in  the  suspended  and  rolling  planimeter 
form  parallel  lines;  in  other  words,  that  the  axis  of  the  meas 
uring-wheel  is  parallel  to  the  tracing^arm.     If  the  results  diffcii 
when  the  areas  lie  on  opposite  sides  of  the  axis  or  zero-circle/ 
these  iines  are  not  parallel  and  must  be  adjusted  to  a  parallel     1 
position.  fl 

150,  Use  of  the  Planimeten— The  paper  upon  which  the^ 
diagram  is  drawn  should  be  stretched  smooth  on  a  level  sur- 
face.    It  should  be  large  enough  to  allow  the  rolHng-wheel  to 
remain  on  the  sheet. 

The  instrument  should  be  so  adjusted  and  oiled  that  the 
parts  move  with  the  utmost  freedom  but  without  any  lost  mc 
tion.     This  requires  that  all  the  pirot  joints  shall  be  adjustabk 
to  take  up  the  wean     The  rim  of  the  measuring-wheel  must  be"* 
kept  bright  and  free  from  rust.     The  instrument  must  be  han- 
dled with  the  greatest  care.     Having  set  the  length  of  th^fl 


tracing-arm  for  the  given  scale  and  unit,  it  is  well  to  test  it' 
upon  an  area  of  known  dimensions  before  using*     If  it  be  found 

to  give  a  result  in  error  by  -  of  the  total  area,  the  length  of  the  _ 

tracing-arm  must  be  changed  by  an  amount  equal  to  this  sam« 
ratio  of  its  former  length.     If  the  record  made  on  the  wheelj 
was  too  small  then  the  length  of  the  tracing-arm  must  be  dU 
minished,  and  vice  versa.     If  the  paper  has  shrunk  or  stretchec^.' 
find  the  proportional  change,  and  change  the  length  of  the 
tracing-arm /r^/^  ifs  true  length  as  jitst  found,  by  this  samt 
ratio,  making  the  arm  longer  for  stretch  and  shorter  for  shrink^ 
age.     Or  the  true  length  of  arm  may  be  used,  and  the  rcsulf^ 
corrected  for  change  in  paper. 
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To  measure  an  area,  6rst  determine  whether  the  fixed  point, 
or  pole,  shall  be  inside  or  outside  the  figure.  It  is  preferable 
to  have  it  outside  when  practicable,  since  then  the  area  is  ob- 
tained without  correction.  If,  however,  the  diagram  is  too 
large  for  this  (in  case  of  the  polar  planimeter)  the  pole  may  be 
set  inside.  In  either  case  inspection,  and  perhaps  trial,  is  nec- 
essary to  fix  upon  the  most  favorable  position  of  the  pole,  so 
that  the  tracing-point  may  most  readily  reach  all  parts  of  the 
perimeter.  If  the  area  is  too  large  for  a  single  measurement, 
divide  it  by  right  lines  and  measure  the  parts  separately. 
Having  fixed  the  pole,  set  the  tracing-point  on  a  welUdefined 
portion  of  the  perimeter,  and  read  and  record  the  score  on 
the  rolling-wheel  and  disk.  This  is  generally  read  to  four 
places.  Move  the  tracing-point  carefully  and  slowly  over  the 
outline  of  the  figure^  in  the  direction  of  the  hands  of  a  watch, 
around  to  the  initial  point.  Read  the  score  again.  If  the 
pole  is  outside  the  figure,  this  result  is  always  positive  when 
the  motion  has  been  in  the  direction  here  indicated.  If  the 
pole  is  inside  the  figure,  the  result  will  be  negative  when  the 
area  is  less  than  that  of  the  zero-circle,  positive  if  greater. 
With  the  pole  inside  the  figure,  however,  the  area  of  the  zero- 
circle  must  always  be  added  to  the  result  as  given  by  the  score, 
and  when  this  is  done  the  sum  is  always  positive,  the  motion 
being  in  the  direction  indicated.  The  area  of  this  zero-circle 
is  found  in  art.  144,  to  be  n  («r*  -[-  P  +  2niy  The  value 
of  /,  which  is  tlie  length  of  the  tracing-arm,  is  known*  The 
values  of  m  and  n  should  be  furnished  by  the  maker.  If  these 
are  unknown,  the  area  of  the  zero-circle  can  be  found  for  any 
length  of  arm  /,  by  measuring  a  given  area  with  pole  outside 
and  inside,  the  difference  in  the  two  scores  being  the  area  of 
this  circle.  By  doing  this  with  two  very  different  values  of  / 
we  may  obtain  two  equations  with  two  unknown  quantities, 
i»  and  »,  from  which  the  absolute  values  of  these  quantities 
may  be  found*     Thus  we  would  have: 


I 
I 
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A'^u{fti'  +  r  +  2nt); 


nf^2ni^^-r\ 


wherein  /,  l\  A,  and  A*  are  known.     The  values  of  m  and  n  arc 

then  readily  found* 

In  using  the  rolling-planimeter,  it  is  advisable  to  take  th^ 
initial  point  in  the  perimeter  on  the  axis  of  abscissae,  as  in  this 
position  any  small  motion  of  the  tracing-point  has  no  effect 
on  the  wheel,  and  so  there  is  no  error  due  to  the  initial  and 
final  positions  not  being  exactly  identical. 
H       The  planimeter  may  be  used  to  great  advantage   in  the 
"solution  of  many  problems  not  pertaining  to  surveying.     In 
all  cases  where  tiie  result  can   be  represented  as  a  function 
of  the  product  of  two  variables  and  one  or  more  constants,  the 
corresponding  values  of  the  variables  may  be  plotted  on  cross- 
,r      section  paper  by  rectangular  coordinates,  thus  forming  with 
Bthe  axis  and  endordinates  an  area  which  can  be  evaluated  for 
any  scale  and  for  any  value  of  the  constant^functions  by  setting 
off  the  proper  length  of  tracing-arm.     Thus,  from   a  steam- 
indicator  card  the  horse-power  of  the  engine  may  be  read  off, 
and  from  a  properly  constructed  profile  the  amount  of  earth- 
work  in   cubic  yards  in   a   raiUvay  cut  or  fill.     Some  of  these 
special  applications  are  further  explained  in  Part  II,  of  this 
work. 

151.  Accuracy  of  Pl^nimeter-measurements. — Professor 
Lorber,  of  Loeben,  Austria,  has  thoroughly  investigated  the 
relative  accuracy  of  different  kinds  of  planimeters,  and  the  re- 
sults of  his  investigations  are  given  in  the  following  table.     It 


^ 
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will  be  seen  that  the  relative  error  is  less  as  the  area  measured 
ir.  larger.  The  absolute  error  is  nearly  constant  for  all  areas,  in 
the  polar  planimeter.  The  remarkable  accuracy  of  the  rolling- 
planimeter  is  such  as  to  cause  it  to  be  ranked  as  an  instrument 
of  precision. 

TABLE  OF  RELATIVE  ERRORS  IN  PLANIMETER  MEASUREMENTS. 


Akba 

IN— 

The  error  in  one  passage  of  the  tracer  amounts  on  an 
average  to  the  following  fraction  of  the  area  meas- 
ured by— 

The  ordinary  po- 
lar  plan  i  meter- 
Unit  of  vernier: 
10  sq.  mm. 
=  .015  8q.  in. 

Suspended  plani- 
meter-Unit    of 
vernier: 
z  sq.  mm.  = 
.OCX  sq.  in. 

Rolling     planime- 
ter Unit  of  ver- 
nier: 
X  sq.  mm.  = 
.oox  sq.  in. 

Square  cm. 

Square  inches. 

ID 

20 

50 

100 

200 

300 

1.55 

3.10 

7.75 

15.50 

31.00 

46.50 

1^ 
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THE   PANTOGRAPH. 

152.  The  Pantograph  is  a  kind  of  parallel  link-motion 
apparatus  whereby,  with  one  point  fixed,  two  other  points  are 
made  to  move  in  a  plane  on  parallel  lines  in  any  direction. 
The  device  is  used  for  copying  drawings,  or  other  diagrams  to 
the  same,  a  larger,  or  a  smaller  scale.  The  theory  of  the  instru- 
ment rests  on  the  following: 

Proposition  :  //  the  sides  of  a  parallelogram,  jointed  at 
the  corners  A,  By  C,  and  D,  and  indefinitely  extended,  be  cut  by 
a  right  line  in  four  points,  as  E,  F,  G,  and  H,  then  these  latter 
points  will  lie  in  a  straight  line  for  all  values  of  each  of  the 
parallelogram  aftgles  from  zero  to  180°,  and  the  ratio  of  the  dil* 
tances  EF,  FG,  and  GH  will  remain  unchanged. 


tm 


SURVEYING. 


In  Fig.  40,  let  A^  B,  C,  Dh^  the  pamllelo^ram,  whose  side^ 
(extended)  arc  cut  by  a  right  line  in  F,  G,  £,  and  U.  it  is 
evident  that  one  point  io  the  figure  may  remain  fixed  while 


m 

H 
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u 
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^eailgtes  of  the  parallelogram  change.     Let  this  point  be  G. 
Since  CCand  C//,  radiating  from  G^  cut  the  parallel  lines 
£>E  and  C/f,  we  have 

GDiDE  ::  GC :  CH. 

Also,  for  similar  reasons, 

ED\  DG  ::  EA  :  AF. 

Now  since  the  sides  of  the  parallelogram,  as  well  as  all  the 
intercepts,  AF^  GD,  DE,  and  CH,  remain  constant  as  the  angles 
of  the  figure  change,  when  the  figure  has  taken  the  position 
shown  by  the  dotted  lines,  we  still  have 


also, 


GD'  :  D'E'  ::  GC  \  C'H'\ 
E'D'  \D'G\\  E'A  \A'P. 
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From  the  first  of  these  proportions  we  know  that  G,  E\ 
ind  IT  are  in  the  same  straight  line,  and  the  same  for  G,  E\ 
ind  F ;  therefore,  they  are  all  four  in  the  same  straight  line. 

To  show  that  they  are  the  same  relative  distance  apart  as 
before  we  have, 

FGiGE:  EH ::  BC.DE:  CH'-DE\ 
also, 

FG  :  GE  :  E'H  ::  B'C  :  UE  :  Cff-iyE. 

But 

BC  =  B'C,  DE  =  UE,  and  CH^DE^  C'H'  -  UE\ 

therefore  we  may  write, 

FG'.GE:  EH  ::  FG  :  GE  :  EH. 

Q/E.  D. 

It  is  evident  that  two  of  the  points  Ey  F,  G,  and  H  may 
become  one  by  the  transversal  passing  through  the  point  of 
intersection  of  two  of  the  sides  of  the  parallelogram.  The 
above  proposition  would  then  hold  for  the  three  remaining 
points. 

In  the  Pantograph  only  three  of  the  four  points  E,  F, 
G,  and  H  (Fig.  40)  are  used.  One  of  these  may  therefore 
be  taken  at  the  intersection  of  two  sides  of  the  parallelogram, 
but  it  is  not  necessarily  so  taken.  These  three  points  are :  the 
fixed  point,  the  tracing-point,  and  the  copying-point. 

In  Fig.  41,  F\s  the  fixed  point,  held  by  the  weight  P\  B  is 
the  tracing-point,  and  D  is  the  copying-point,  or  vice  versa  as 
to  B  and  D.     The  parallelogram  is  E,  Cr,  B,  H,     The  points 
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F,  B,  and  D  must  He  in  a  straight  line,  B  being  at  the  intci 
section  of  two  of  the  sides  of  the  parallelogram.  The  points 
A,  E,  and  C  are  supported  on  rollers*     In  Fig,  42.  the  fixed- 


FlG.  41. 


point  IS  the  point  of  intersection  of  two  of  the  sides  of  the 
parallelogram.  The  upper  left-hand  member  of  the  frame  is 
not  essential  to  its  construction,  serving  simply  to  stiffen  the 


copying-arm,  the  fourth  side  of  the  parallelogram  being  the 
side  holding  the  tracing-point. 

In  Fig.  43,  neither  of  the  three  points  is  at  the  intersection^ 
of  two  of  the  sides  of  the  parallelogram,  and  hence  there  is 
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<>urth  point  unused,  having  the  same  properties  as  the  fixed, 
racing,  and  copying  points,  it  being  at  the  intersection  of  the 
ine  joining  these  three  points  with  the  fourth  side  of  the  par 
iJlelogram. 

From  the  theoretical  discussion,  and  from  the  figures  shown, 
%  becomes  evident  that  there  may  be  an  indefinite  variety  of 


Fic.  43. 


combinations  which  will  do  the  work  of  a  pantograph,  Tki 
4fnfy  essential  condtimns  are  that  the  fixed,  the  tracing,  and  the 
i$pying  points  shati  He  in  a  straight  line  on  at  least  three  sides 
0f  a  joinicd  parailelogram,  either  point  serving  any  ane  cf  the 
three  purposes. 

153-  Use  of  the  Pantograph.— The  use  of  the  instrument 
is  easily  acquired.  Since  both  tlie  tracing  and  copying  points 
should  touch  the  paper  at  all  times,  such  a  combination  as  that 
shown  in  Fig.  41  is  preferable  to  those  shown  in  Figs,  42  and 
43,  siince  in  these  latter  the  tracing  point  is  surrounded  by  sup- 
ported points,  and  so  would  not  touch  the  paper  at  all  times 
Unless  the  paper  rested  on  a  true  plane.  In  most  instruments 
where  the  scale  is  adjustable,  the  two  corresponding  changes 
in  position  of  tracing  and  copying  points  for  different  scales 
3fe  indicated.  To  test  these  marks,  see  that  the  adjustable 
points  are  in  a  straight  line  with  the  fixed  point,  and  to  test  the 

FD 
scale  see  that  the  ratio  ^  {Fig.  41)  is  that  of  the  reduction 
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^,  —  -^r>j.  =  scale  of  enlargement. 


desired.     Thus,  if  the  diagram  is  to  be  enlarged  to  twice  tk 
original  size,  make  FD=  zFB; 

,  DE      FE 

or  make  -gR^f^ 

If  the  drawing  is  to  be  reduced  in  size,  make  B  the  copying 
point  and  D  the  tracing-point. 

If  the  drawing  is  to  be  copied  to  the  same  scale,  make  Bl 
=  BD  and  make  B  the  fixed  point.  The  figure  is  then  copied 
to  same  scale,  but  in  an  inverted  position. 

In  the  best  instruments  the  arms  are  made  of  brass,  batj 
very  good  work  may  be  done  with  wooden  arms. 


PROTRACTORS, 

154.  A  Protractor  is  a  graduated  circle  or  arc,  with  its  cen- 
tre  fixed,  to  be  used  in  plotting  angles.  They  arc  of  various 
designs  and  materials, 

Simkinuiar  Protractors,  such   as  shown  in   Fig.  44,  arc 

usually  made  of  horn,  brass,  or 
germatj'silver  They  are  grad* 
uated  to  degrees  or  half  degrees, 
and  the  angle  is  laid  off  by 
holding  the  centre  at  the  vertex 
of  the  angle,  with  the  plain 
edge,  or  the  o  and  rSo  degree 
Hne  on  the  given  line  from  which 
the  angle  is  to  be  laid  ofiF,* 

In  the  full  circle  protractor,  shown  in  Fig.  45,  there  is  ^ 
movable  arm  with  a  vernier  reading  to  from  I  to  3  minutes. 
The  horn  centre  is  set  over  the  given  point,  the  protractot 
oriented  with  the  zero  of  the  circle  on  the  given  line,  and  the^ 
arm  set  to  the  given  reading  when  the  other  line  may 
drawn. 

*  For  an  elegant  style  of  p  rot  factor  to  be  used  m  topopuphlcal  work,  sec  Fig 
66,  p.  273. 


Fig.  44. 
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The  three-arm  protractor.  Fig,  46*  has  one  fixed  and  two 
movable  arms  by  which  two  angles  may  be  set  off  simulta- 
neously.    It  is  used  in  plotting^  observations  by  sextant  of  two 


angles  to  three  known  points  for  the  location  of  the  point  of 
observation.  This  is  known  as  the  three-point  problem  and 
is  discussed  in  Chap,  X. 


Fjc.  46, 


Paper  protractors  are  usually  full  circled,  fruin  8  to  J 4 
inches  in  diameter,  graduated  to  half  or  quarter  degrees 
They  are  printed  from  engraved  plates  on  drawing-  or  tracing- 


I 
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paper  or  bristol-board,  and  are  very  convenient  for  plotting 
topographical  surveys.  The  map  is  drawn  directly  on  the 
protractor  sheet,  the  bearing  of  any  line  being  taken  at  ortce 
from  the  graduated  circle  printed  on  the  paper-  These  *' pro- 
tractor  sheets*'  can  now  be  obtained  of  all  large  dealers. 

The  £ai^rdmate  prot racier^  is  a  quadrant,  or  square,  with 
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angular  graduations  on  its  circumference,  orsides^  and  divided 
over  its  face  by  horizontal  and  vertical  lines^  like  cross-section 
paper.  A  movable  arm  can  be  set  by  means  of  a  vernier  tqB 
read  minutes  of  arc»  this  arm  being  also  gradur.ted  to  read 
distances  trom  the  centre  outward.  Having  set  this  arm  to 
read  the  proper  angle,  the  latitude  is  at  once  read  off  on  the 

*  Called  a  Trigonomeier  by  KcuEel  U  Esser,  ihe  maken. 
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vertical  scale  and  the  departure  on  the  horizontal  scale  for  the 
fiven  distance  as  taken  on  the  g^raduatcd  arm,  A  quadrant 
protractor  giving  latitudes  and  departures  for  all  distances 
under  2500  feet  to  the  neart:st  foot,  or  under  250  feet  to  the 
nearest  tenth  of  a  foot,  has  been  used.  The  radius  of  the  cir- 
cle is  l8f  inches-  Both  the  protractor  and  the  arm  are  on 
heavy  bristol-board,  so  that  any  change  due  to  moisture  will 
affect  both  alike  and  so  eliminate  errors  due  to  this  cause. 
Thc  instrument  was  designed  to  facilitate  the  plotting  of  thcij 
U,  S,  survey  of  the  Missouri  Riven*  It  has  proved  very 
efficient  and  satisfactory*  A  similar  one  on  metal,  shown  in 
Fig,  47,  is  now  manufactured,  and  serves  the  same  purpose. 
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'155.  The  Parallel  Ruler  of  greatest  efficiency  in  plotting 
IS  that  on  rollers,  as  shown  in  Fig-  48.  The  rollers  are  made 
'^i  exactly  the  same  circumfer- 
ence, both  being  rigidly  attached 
'o  the  same  axis.  It  should  be 
Hade  of  metal  so  as  to  add  to  its  ^'<=-  *** 

M^eight  and  prevent  slipping.  It  is  of  especial  value  in  t^nnec 
:ion  with  the  paper  protractors,  for  the  parallel  ruler  is  set  on 
my  given  bearing  and  then  this  transferred  to  any  part  of  the 
ihcet  by  simply  running  the  ruler  to  place.  Two  triangle 
nay  be  made  to  serve  the  same  purpose,  but  they  are  not  so 
-apid  or  convenient,  and  are  more  liable  to  slip.  The  parallel 
uler  is  also  very  valuable  in  the  solution  of  problems  in 
gaphical  statics* 
^  SCALES. 

156.  Scales  are  used   for  obtaining  the  distance  on   the 
jiawirtg  or  plot  which  corresponds  to  given  distances  on  the 


•  For  »ak  t>y  A.  S*  Aloe  k  Co-  Si.  Loujs,  Mo. 
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jbjcct  or  in  the  field.  There  is  such  a  variety  of  units  for 
both  field  and  office  work,  and  a  corresponding  variety  of 
scales,  that  the  choice  of  the  particular  kind  of  scale  for  any 
given  kind  of  work  needs  to  be  carefully  made.  Architects 
usually  make  the  scale  of  their  drawings  so  many  feet  to  the 
finch,  giving  rise  to  a  duodecimal  scale,  or  some  multiple  of  ^. 


Fig.  4g. 

A  surveyor  who  uses  a  Gunter's  chain  66  feet  in  length  plots 
his  work  to  so  many  chains  to  the  inch,  making  a  scale  o( 
some  multiple  of  ygVo*  ^^  engineer  usually  uses  a  loofoot 
chain  and  a  level  rod  divided  to  decimal  parts  of  a  foot:  so  he 
finds  it  convenient  to  use  a  decimal  scale  for  his  maps  and 
drawings,  reduced  to  the  inch-unit  however.  Here  tlie  field- 
unit  is  feet  and  the  office-univ  is  inches,  both  divided  deci- 
mally. This  gives  rise  to  a  sort  of  decimaUduodecimal  system, 
the  scale  being  some  multiple  of  yJiF'  Various  combinations 
of  all  these  systems  are  found. 

Figure  49  shows  one  form  of  an  ivory  scale  of  equal  parts 
for  the  general  draughtsman.  The  lower  half  of  the  scale  is 
designed  to  give  distances  on  the  drawing  for  4,  40,  or  400 
units  to  the  inch  when  the  left  oblique  lines  and  bottom 
figures  are  used,  and  for  2,  20,  or  200  units  to  the  inch  when 
tile  right  oblique  lines  and  top  figures  are  used.  Thus,  if  wc 
are  plotting  to  a  scale  of  400  feet  to  the  inch,  and  the  dis- 
tance is  564  feet,  set  one  point  of  the  dividers  on  the  vertical 
line  marked  S»  and  on  the  fourth  horizontal  line  from  the  hot* 
torn.     Set  the  other  leg  at  the  intersection  of  the  sixth  inclined 
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with  this  same  horizontal  line,  and  the  space  subtended  by 
Si  points  of  the  dividers  is  564  feet  to  a  scale  of  ^^, 

Figure  50  is  a  cut  of  an  engineer's  triangular  boxwood 
jcalc,  12  inches  long,  being  divided  into  decimal  ijiches. 
There  are  six  scales  on  this  rule,  a  tenth  of  an  inch  being  sub. 
divided   into  I,  2,  3.  4,  5,  and  6  parts,  nnaking  the  smallest 


graduations  ^,  ^,  ^,  ^jV*  "eV*  Vo  ^^  ^"  *"*^'^  respectively.  This 
b  called  an  engineer's  or  decimal  inch  scale  The  architects 
triangular  scale  is  divided  to  give  ^,  ^,  |.  J,  f ,  i,  i^,  2,  3,  and 
4  inches  to  the  foot.  Such  a  scale  is  of  less  service  to  the 
dvil  engineer, 

THE   POCKET  SLIDE   RULE-* 


t56a.  The  Slide  Rule  in  some  of  its  various  formi  is  by  f*T  the  most  easy 

id  npid  means  of  carTying  on  compnVMums  hy  muluplication  and  division  thai 

ever  been  devised.     One  can  work  with  it  roiitinuously  without  becoming  men- 

ly  weary.     Tbe  author,  having  had  a  lar^e  experience  in  the  use  of  uU  kinds  of 

lechatjical  computing  machines  and  of  Irigarithmic  and  multiplication  tables,  is 

Fully  coiiTinced  that  the  slide  rule  far  exceeds  ihem  all  in  the  ease,  rapidtly,  and 

iccurary  with  which  it  can  be  used  by  any  one  after  an  hour's  inj^truction  or  pr^c* 

tee*     While  this  little  fniplement  is  in  almost  nniversal  use  in  Europe,  not  only 

>Y  scientific  but  t^'  all  ciaiscs  of  practical  men,  it  has  never  come  into  general  use 

Ameries.     This  is  greatly  lo  be  deplored,  and  it  is  hoped  our  deficiency  in  rhis 

t  will  uow  be  remedied  t  by  the  placing  of  a  cheap  hut  accurate  pockei  slide 

Ipon  the  American  market. 

The  mlc  in  this  pocket  form  (Fig»  50*?)  gives  results  to  three  si^ificant  figiires^ 


♦  While  the  use  of  the  slide  rule  has  no  special  relation  to  surveying*  its  use 
tuay  properly  bte  described  here  as  one  of  the  instruments  of  engineering  com^ 
jpfUtaUon, 
I     •  f  This  rule  can  now  be  purchased  m  America  for  fi.oOi  but «  better  one, 

f'  rimed  on  celluloidp  and  made  adjustable  so  as  to  obviate  all  objections  on  the 
rnre  nf  swelling,  warping,  or  looseness  from  wear,  h  now  manufactured  by  the 
cufTrl  Esscr  Co,.  New  York, 


na 
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which  is  sutficTenlly  accurate  for  most  of  the  cnmput^itions  vihith  hiitc  *o  bt  mtdc 
in  all  kind^  of  physical  investigalkms,  and  in  the  glutton  of  engineering  problem'i^ 
Where  four  or  five  sig;nificant  figures  arc  required,  7  hacher'ssHdc  rule(Fiff.  50^)  «ili 
used,  but  for  a  large  part  of  rhe  work  for  which  thi^  kr^cr  <iltfle  rtile  k  cmplwcd 


Ftcj.  so**' 


^■1  small  pockei  form  is  reaUy  sufficient,  since  this  gpvcs  the  results  to  a  gnearer 
degree  of  accuracy  than  it  is  possible  to  obtain  in  the  original  dat;i.  After  a  NttW 
use  of  this  instroment,  it  becomes  almost  a  necesisity.  It  is  not  too  much  to  ht 
that  it  is  indeed  a  great  benefactor  in  preventing  the  mental  fatigue  which  alivji)"5 

Rrcompanies  continued  numerical  operations  in  multiplication  and  divi!^ion, 
"I'he  follow-jng  simple  rules  and  exphmations  are  readily  understood  and  foJIott-ed 
ith  the  slide  rule  in  bund,  and  I  hey  i\x\U  exemplify  most  of  its  applicatlofli.    A 


ftLawledge  of  the  use  of  logarithms  is  assumed.     A  small  ma|piifyii|g  giisi 
,      m^  be  employed  to  iticrease  the  accuracy  of  the  settings  and  itsadings. 


Fjc*  50*. 
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THE  SCALES  A   ANO  B. 

The  scales  A  and  B  repre^nt  the  kjjjarithms  of  the  numbers  marked  upon 
bem,  from  i  to  10,  tjr  from  10  to  iuq,  *>r  frntn  iixt  to  1,000,  according  to  the  degree 
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of  accuracy  required,  to  a  uniform  scale.  I5y  the  movement  of  scale  B^  along  scale 
A^  to  the  right  or  left,  these  logarithms  can  be  mechanically  added  or  subtracted, 
or  both  simultaneously,  and  multiplication  and  division  thus  effected.  Computa- 
tions made  on  the  slide  rule,  therefore,  arc  mechanically  performed  by  means  of 
logarithms  represented  graphically.  The  two  scales,  A  and  B,  are  exactly  alike, 
each  containing  two  duplicate,  complete,  graphical  logarithmic  scales. 

The  slide  rule  is  used  to  solve  a  problem  in  proportion^  or  in  general  to  multi- 
ply two  numbers  together  and  to  divide  by  a  third,  any  one  of  which  may,  of 
course,  be  unity,  the  general  problem  being  to  perform  the  work  indicated  in  the 

r  It       •  nx 

foliowmg  :  —  =  ? 
o 

Since  the  scales  increase  to  the  right,  a  movement  of  the  sliding  scale  B  to  the 

left  subtracts  a  logarithm,  and  a  movement  to  the  right  adds  one.     Thus,  to  divide 

by  b  we  move  the  slide  to  the  left  until  b  comes  under  i  of  the  A  scale.     Then  to 

multiply  by  a  we  move  it  forward  until  b  comes  under  a  of  that  scale.      But  this  is 

c<]uiva]ent  to  setting  b  on  the  B  scale  opposite  a  on  the  A  scale,  at  once.     Then 

every  number  on  the  sliding  (^)  scale  has  been  multiplied  by  a  and  divided  by  b 

relatively  to  the  corresponding  number  on  the  A  scale.     Hence  any  number  on  the 

sliding  scale,  as  x,  has  opposite  to  it  a  number  which  is        times  a.     Therefore  we 

have  the  rule  : 

I.  To  solve  -T-set  b  on  B  opposite  a  on  A,  then  find  x  on  B,  and  the  opposite 
b 

reading  on  A  is  the  result. 

^  ,  ,      3.04  X  20.1 

Example  :  Solve  -     - — --    -  =  1.025. 
59.6 

Pajring  no  attention  to  decimal  points,  treat  the  quantities  as  whole  numbers, 
and  setting  596  on  B  opposite  304  on  W,  find  opposite  201  on  B  1.025  ^"  -''•  The 
decimal  point  is  usually  best  locateil  by  a  mental  computation  or  inspection.  Evi- 
dently the  result  is  somewhat  more  than  unity,  hence  the  point  comes  after 
the  I. 

When  a  series  of  results  is  to  be  obtained  in  which  two  of  the  numbers,  as  </  and 
A.  are  constants,  and  the  other  varies,  always  set  for  the  constant  terms,  after 
which  the  entire  series  of  results  can  be  read  off  for  the  var}ing  values  of  x  without 
further  settings. 

THE    SCALES   C   AND    D. 

The  log.  scales  Cand  Z)are  so  arranjjed  that  the  numbers  on  them  arc  the  square 
nwts  of  those  in  the  same  vertical  line  in  scales  ./  and  B.  Transfers  arc  taken 
from  scales  ^'or  D  to  scales  A  or  />  by  means  of  the  visil)le  line  on  the  transj);irt"ii 
sliding  indicator. 
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Thus  if  the  problem  be  ^,  move  th«  transparent  indicator  to  a  on  A,  thir:jmo«l 

the  sliding  scale  till  j*  on  C  (which  is  the  saroe  as  P  on  B)  comes  to  the  Hoc  on  the 
indicator,  then  look  up  ^  on  B  and  find  the  reisuU  on  A  as  before*     This  is  the  \ 
as  the  former  case,  except  ^  is  aow  laken  on  the  C^  the  square  root  scale,  tn  pliui 
of  *'  on  the  ^  scale. 

4,69  ^  38.5  _^  ^o 


Example  : 


(24.2)' 


Setting  the  line  of  the  sliding  indicator  on  469  of  the  A  M^ale*  bring-  sus  otl 
sJiding  scale  C  under  same  line.  Then  look  up  385  on  scale  ^  and  find  30S  on  .^.^ 
The  decimal  point  is  located  by  a  mental  compuution  as  before* 

If  the  problem  be  —,  move  the  indicator  to  a  on  A  then  bring  f>  on  the  slidini  j 

scale  B  to  the  Hne^  and  took  up  x  on  ^  as  before,  finding  the  result  again  on  A. 


Example 


45a 


^  1360- 


Here  we  set  the  sliding  indicator  00  981  on  Z>  (uhich  is  the  position  for  (qfll)' 
on  A\  and  bring  452  on  sliding  scale  B  to  line,  then  looking  op  638  on  ^  find  136 
on  A.  The  location  of  the  decimal  point  Js  made  by  a  hasty  approximate  rocTiul 
computation.  Thus,  (y8.i)^  is  ntiarly  10,000,  and  b%^  will  go  into  452  ^h*m  7 
10.000  . 


times. 


is  about  1400,     Hence  the  result  is  1360. 


T&  find  tht  squure  &r  square  root  of  a  number  simply  set  the  sliding  imjjcatof 
on  the  number^  finding  this  on  A  if  the  square  rojit  is  sought,  and  on  D  if  the  sqiure 
is  to  be  found,  the  result  being  then  under  the  same  line  on  the  other  scale*  Id 
finding  square  roots  use  only  the  left-hand  half  of  scale  A  for  an  odd  number  d 
figures  to  the  left  of  the  decimal  point,  and  the  right-hand  half  for  an  even  numbci 
of  figures  before  the  decimal  point. 

Examfi.es  :  Find  the  square  of  34.8. 


^ktting  the  line  of  the  transparent  indicator  on  348  of  scale  A  it  is  found  lo 
coincide  with  121  of  scale  A.  The  answer  is  evidently  1210,  to  the  nearest  readrng 
of  the  rule. 


Find  the  square  root  of  7.56. 


i 


Set  the  line  of  the  indicator  on  756  of  first  half  of  scale  A^  and  find  under  same 
line  27s,  the  answer  being  evidently  a*73* 
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Find  the  square  root  of  13.9. 

Set  the  line  of  the  indicator  on  139  on  right  half  of  scale  A,  and  find  below  D 
3.72  as  the  answer. 

To  find  the  cube  of  a  number  we  have  tf*  = .     Hence  set  i  on  B^  opposite 

a  on  Z>,  then  \ot  aon  B  we  find  a'  on  A, 

Example  :  Find  the  cube  of  6.48. 

Bring  line  of  transparent  indicator  over  6.48  on  D,  and  bring  i  on  ^  to  this 
mark.     Then  opposite  6.48  on  B  find  272  on  A, 
To  find  the  cube  root  we  reverse  the  process. 

t  X^   X   X 

Thus    ya  =  JT,  wherein =  a.     Here  we  must  find  an  unknown  number 

such  that  when  it  falls  on  B  under  the  given  number  on  ^,  it  is  also  found  on  D 
opposite  unity  (right  or  left)  on  C. 

Example  :  Find  the  cube  root  of  456. 

Knowing  approximately,  by  inspection,  that  it  is  in  the  vicinity  of  8,  we  bring 
8  on  ^  under  456  on  A  (putting  first  the  line  on  the  transparent  indicator  at  456  on 
A  for  convenience)  ;  we  then  find  that  the  right-hand  index,  or  unity,  on  C  falls  a 
little  to  the  left  of  8  on  />.  By  a  little  adjustment  of  the  sliding  scale  we  find  that 
when  770  on  B  comes  to  the  line  (456  on  A)  that  770  is  also  opposite  unity  on  Cat 
the  right  end.     The  answer  is  therefore  7.7. 

If  the  number  had  been  45.6,  we  should  have  had  to  use  the  right-hand  scale  of 
A  and  the  left-hand  index  of  C,  thus  finding  the  answer  to  be  3.57. 

For  carrying  on  continuous  computations,  as   —77-,  we  may  take  -y  first,  and 

ifj/i  0 

by  setting  ^  on  ^  to  <j  on  ^,  move  the  transparent  indicator  to^  on  B,     Then  set 

/on  B  to  this  line  and  move  indicator  to  //  on  B.     Then  set  ^  on  i^  to  this  line 

again,  and  look  up  x  on  B,  opposite  to  which  is  the  answer  on  A, 

^,        2.42  X  16.0  X  64  X  0.132 

Thus,  —^ ^—  —^ — ^  =  537. 

42.9  X  0.046  X  3.26 

Here  we  set  429  on  B  opposite  242  on  A,  and  move  line  on  indicator  to  169  on 
B,  Then  move  46  on  B  to  line,  and  set  indicator  on  64  on  B.  Then  move  326  on 
Aid  the  line,  and  look  up  132  on  /i.  Opprisite  this  find  the  answer  537  on  A.  To 
tind  the  position  of  the  decimal  p>int  we  |)erform  a  mental  computation  like  this: 
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1*43  K  16.9  =  a.boiit  40  ;  0.133  =  AbauL  f,  and  this  inio  64  is  about  9 ;  9  h  40=: 
'"360  ;  0.046  is  about  ^^,  and  this  into  42.9  is  about  2  ;  2  x  3, 26  is  about  7  ;  |  ol  jto 
is  about  50  ;  hence  the  answer  b  53.7,  rather  than  5,37  or  than  537. 

It  goes  without  saying  that  anj^  one  or  more  of  these  numbers  could  have  betn 
a  square*  in  which  case  scale  C  is  used  in  place  of  B  and  scale  D  m  place  of  A. 


k 
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On  the  umfer  side  of  the  slide  three  scales  will  be  found,  the  upper  one  markd 
5,  being  a  scale  of  natural  sines,  and  the  Jower  rme  marked  T^  a  scale  of  natun^ 
tangents,  lictween  these  is  a  scale  of  equal  parts,  which  gives  the  logarithms  m- 
responding  to  the  series  of  numbers  on  scale  D. 

f  In  order  to  use  the;*,  place  the  slide  in  the  g^roove  with  the  tinder  side  «ppcr* 
most,  and  the  left  and  right  indices  coinciding.  On  A  will  then  be  found  thcsiDcs 
of  the  angles  given  on  S,  those  on  the  left  of  scale  A  having  the  cbaracleristic  -  t, 
and  those  on  the  right  of  scale  A^  the  characteristic  0,  tJms  we  find, 


Sine  '^°  ^  Oh 05 23 »  on  left  of  scale  A, 
Sine  15*  to'  =  0.263,  on  right  of  scale  A, 


I  We  have  on  D  the  tangents  of  the  angles  given  on  7^  the  chamcterislic  being 
ways  o  V  thus,  tan»  25''  =  0.466  on  scale  D.  The  scale  gives  the  tangent!^  fnjm  f" 
to  45  degrees  only ;  for  angles  less  than  6**  ihe  tangent  is  practically  the  same  a* 
the  sine  ;  larger  angles  must  be  found  by  the  formula^ 


Ian  a  = 


Um  (90  —  ij)" 


The  sines  and  tangents  of  angles  may  be  found  ttHih^ttt  reversing  tkf  sHdt.  hy 
setting  the  given  angle  on  scale  S  or  T  to  the  index  line  on  the  transparent  dis-k  *'" 
the  under  side  of  the  rule,  and  reading  off  the  sine  on  B  or  tangent  on  C  opposite 
the  right-hand  index  marks  of  the  scales  A  and  /?. 

7^k^  L^gnrUhms  &/  ttufni^ers  are  found  in  a  similar  manner  by  setting  the  If  ft 
index  of  T  to  the  given  number  on  D,  and  reading  oflf  the  logarithms  on  \ht  ^L-ik 
of  equal  parts  under  the  index  on  the  reverse  side  of  the  rule. 

With  the  scale  of  equal  parts  ihi  cuhf  and  ofhet'  rmti  ttr  p&joi'rs  mny  hi  tjctratt^, 

ch  as  jr* 

Example  :  Find  4*  or  v4V 
By  the  above  method  log  4  ^  ,6*J2.  iitid  ktg  4^  =  Mn  x  |  —  r.505.     Now  l)y 


AnjU^TMEl^T,  USE,  AND  CARE  OF  INSTRVMEKT^.     \T\f 

acing  505  on  the  log.  scale  on  the  lower  side  of  the  slide  at  the  index  line  on  the 
idcr  side  of  the  rule,  we  find  32  on  scale  D  under  the  left  index  of  C,  which  is 

terefore  equal  to  4',  the  logarithmic  index  being  i. 

The  position  of  the  decimal  point  in  all  these  cases  will  be  easily  ascertained  by 
lose  accustomed  to  this  class  of  calculations. 


BOOK  n. 
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LAND- J  71  NG.* 

157.  Purposes, — AU   surveys  oi   land,  properly  so  caDed 
are  made 

(a)  For  the  purpose  of  establishing  certain  monuments, 
corners,  lines,  and  boundaries,  as  in  laying  out  and  dividinjj 
land,  or, 

(d)  For  the  purpose  of  identifying  and  locating  such  monu- 
ments, lines,  and  boundaries,  after  they  have  been  established,   . 
as  in  all  rcsurveys  for  location  and  area. 

In  all  cases  the  boundary  and  dividing  lines  are  the  traces 
of  vertical  planes  on  the  surface  of  the  ground,  and  the  area  is 
the  area  of  the  horizontal  plane  included  between  the  bound- 
ing vertical  planes.  In  other  words,  the  area  sought  is  the 
area  of  the  horizontal  projection  of  the  real  surface. 

158.  In  laying  out  Land  the  work  consists  in  running 
the  bounding  and  dividing  lines  over  all  the  irregularities  of 
the  surface,  leaving  such  temporary  and  permanent  marks  as 
the  work  may  demand.  These  lines  to  lie  in  vertical  planes, 
and  their  bearings  and  horizontal  distances  to  be  found.  The 
bearing  of  a  line  is  the  horizontal  angle  it  makes  with  a  merid- 
ian plane  through  one  extremity,  and  its  length  is  the  length 
of  its  horizontal  projection.  This  reduces  the  plot  of  the  work 
to  what  it  would  be  if  the  ground  were  perfectly  level.     If  all 

*  See  Appendix  G  for  the  essential  requirements  of  a  survey  and  mzr 
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straight  lines  of  a  land-survey  lie  in  vertical  planes,  and  if 
-  bearings    and    horizontat    lengths   are    accurately   deter- 
:^d,  then  as  a  land  sun-ey  it  is  theoretically  perfect,  what- 
the  purpose  of  the  surv^cy  may  be. 

Hie  needle  compass  and  Gunter*s  chain  have  been  univer- 
^  and  almost  exclusively  used  in  land  surveying.  Except 
hose  localities  where  there  is  local  attraction  and  very 
tic  changes  in  the  declination  of  the  needle,  the  compass 
le  best  instrument  that  can  be  used  for  the  purpose.  Most 
he  trouble  which  has  resuhed  from  its  use  has  arisen  from 
ilure  to  make  frequent  determinations  of  the  declination, 
observation  on  Polaris  by  the  method  given  in  Art.  33,  or 
the  use  of  Table  XIL,  and  its  description  in  Art.  381^, 
uld  be  made  in  each  township,  and  a  true  meridian  marked 
Ehe  ground  at  every  county*seat-  The  compass  should  be 
up  on  this  meridian  as  often  as  once  a  year,  at  about  10 
ock  A.M.,  and  the  declination  noted.  The  annual  change 
Jeclination  found  at  the  county- seat  could  then  be  attrib- 
i  to  each  of  the  decHnations  found  in  the  several  town- 
>s  of  the  county  J  and  so  a  continuous  corrected  record  of 
true  declination  kept  for  all  parts  of  the  county. 
159.  Monuments, — All  marks  of  whatever  description  left 
or  near  the  surface  of  the  ground,  such  as  stones,  stakes, 
inds,  holes,  or  trees  specially  marked  and  described,  for  the 
pose  of  designating  a  particular  point  on  the  surface  as  a 
Imark,  arc  called  monuments* 
411  land  monuments  set  by  surveyors  should  be  stones,  suit- 

tCut  and  marked,  and  planted  in  the  ground.  Surveyors 
t  insist  too  strongly  on  the  necessity  of  setting  permanent 
luments  to  mark  land  boundaries  at  the  time  these  bound- 
s  are  first  established-  The  surveyor  who  first  lays  out  the 
jnd  should  always  set  permanent  monuments  before  the 
^ey  passes  beyond  his  own  control-  It  will  not  do  to  trust 
some  one  interested  will  replace  his  temporary  marks  by 

se  of  a  more  permanent  character  afterwards,  both  because 
12 
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this  is  likely  to  be  entirely  neglected,  and  also  because  of  the 
cloud  thus  thrown  over  the  authority  of  the  monument  itsdl 
from  the  fact  that  it  is  not  the  original  mark* 

Monuments  are  used  not  only  to  mark  corners  of  tracts 
land,  but  also  to  mark  points   in  straight   lines,    as    in  Stad 
boundaries,  and  points  fixed  by  triangulation  in  geodetic,  ge 
logical.  State,  and  municipal  surveys. 

i6o.  Significance  and  Authority  of  Monuments.— W| 
ever  monuments  are  placed  in  any  scheme  of  land  subdivE 
and  these  monuments  are  described  in  the  conveyance  of  such 
lands  when  sold,  they  thereby  acquire  a  perpetual  and  control^ 
ing  significance-  It  matters  not  how  frail  and  temporary 
monument  may  have  been — a  mere  peg  stuck  in  the  ground- 
if  it  didat  the  time  designate  a  particular  point  in  the  boundar 
of  the  tract,  and  if  such  monument  is  recognized  in  the  deed,iti 
position  controls  the  location  absolutely.  In  any  subsequen 
survey  for  the  location  of  the  boundary  it  becomes  supremely 
important  to  identify  with  certainty  the  true  position  of  such 
monument-  The  field  notes  of  the  original  survey,  or  any  de- 
scription of  the  boundaries  in  the  deed,  or  the  area  called  for, 
have  no  weight  in  determining  the  position  of  the  lines  and 
corners  as  against  the  certain  identification  of  the  monuments 
also  recognized  in  the  conveyance.  What  the  conveyer  sold 
and  the  purchaser  bought  w^as  a  certain  fixed  tract  of  land 
which  should  have  been  marked  at  one  time  by  visible  monu* 
ments.  In  this  case  the  field  notes  are  material  evidence  of 
the  original  position  of  the  monuments,  but  since  errors  in 
surveying  are  not  uncommon,  and  since  the  supposed  area  of 
the  tract  is  computed  from  these  field  notes,  neither  the  area 
nor  the  description  by  course  and  distance,  called  for  in  the 
deed,  are  allowed  to  hold  as  against  the  proved  location  of  the 
original  monuments,  also  called  for  in  the  deed. 

Surveys  are  always  subject  to  revision  and  correction*  A 
monument  once  set  and  used  in  a  conveyance  cannot  be  changed, 
even  though  its  position  is  not  what  it  was  intended  to  be,  or 
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not  what  it  is  said  to  be,*  in  the  written  description,  without  the 
free  consent  of  all  parties  concerned »  There  is  therefore  an 
inviolableness  and  absoluteness  of  control  in  recognized  monu- 
ments which  does  not  pertain  to  any  surveys  or  to  any  de- 
scriptions or  areas  dependent  on  surveys.f 

l6l.  Lost  Monuments. t — When  monuments  have  once 
been  established  and  used  in  conveyances  and  afterward  dis- 
appear or  are  lost,  they  cannot  be  re-established  as  an  abso- 
lute authoritative  control  by  any  survey  or  agreement  of  sur- 
veys. Nothing  but  consent  or  acquiescence  of  all  the  parties 
in  interest,  or  a  judgment  of  the  court  can  replace  a  lost 
monument.  Surveys  and  the  judgment  of  surveyors  are  valu-^ 
able  evidence  in  determining  where  the  original  monument  was 
placed,  but  the  surveyor  has  no  authority  or  right  to  replace 
or  re-establish  a  lost  monument,  or  to  certify  to  its  position,  un» 
less  he  can  find  such  trace  of  the  original  monument  itself,  or  of 
a  witness  point,  as  may  serve  to  identify  its  position  with  cer- 
tainty. He  may  then  replace  it  by  a  more  permanent  mark, 
and  by  recording  a  full  description  of  his  work  the  new  monu- 
ment may  be  recognized  as  having  all  the  authority  of  the 
originaL  But  any  location  of  a  monument  based  on  the  field 
notes  of  the  original  survey,  even  in  conjunction  with  other 
well-authenticated  monuments  a  considerable  distance  off, 
cannot  ser\^e  to  **  establish  "  such  monument*  It  serves  only  as 
so  much  evidence,  to  be  taken  in  connection  with  all  other  evi- 
dence^ material  and  personal,  such  as  fence  lines,  acknowledged 
boundaries,  testimony  of  witnesses,  etc.,  which  evidence  may, 
and  often  does,  outweigh  the  evidence  furnished  by  the  sur- 
vey. In  such  a  case  the  surveyor  is  an  expert  witness,  en- 
gaged to  interpret  the  original  field  notes  and  to  find  where 
they  would  place  the  lost  monument;  but  inasmuch  as  the 
ordinal  field  notes  may  not  have  agreed  with  the  actual  posi- 
tioii  of  the  monument,  any  number  of  resurveys  or  agreement 

*  See  paniciiUr  caie  s,  p.  ^%\^ 

f  Se«  Arts.  302,  303^  and  304  in  Chap.  XII,.  00  CUy  Surv«yjfigv     Also  Ap- 
pendix L  p.  754,  i^t  Ihe  rules  of  the  U.  S.  Geiicr%l  Laii4  O&ct  tc^i&i^^^^^te 
restoratiofi  of  JiMf  or  ohHUf^icd  comers. 
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of  resurveys  cannot  of  themselvres  be  so  conclusive  evidence  of 
its  original  position  as  to  prevent  an  appeal  to  the  courts. 

The  making  of  resurveys^  which  is  the  principal  business  oi 
the  land  surveyor,  whether  in  city  or  country,  consists,  there- 
fore, largely  in  the  search  for  and  satisfactory  identifization  of 
corners,  marks,  boundaries,  and  other  visible  objects  which 
have  all  the  force  and  authority  of  monuments-  The  proved 
experience  and  degree  of  expertness  and  reliability  of  the  par- 
ticular surveyor  doing  the  work  wiU,  of  course,  affect  the  value 
of  the  resurvcy  as  compared  with  other  evidence  furnished  as 
to  the  monuments  themselves. 


THE   UNITED     STATES    SYSTEM   OF    LAYING  OUT    THE   PUBUC 

LANDS. 

162,    The    Public    Lands  of  the  United  States  have  in* 

eluded  all  of  that  portion  of  our  territory  north  of  the  Ohio 
River  and  west  of  the  Missjjssippi  River  not  owned  by  indi- 
viduals previous  to  the  dates  of  cession  to  the  United  States 
Government ;  also  similar  portions  of  the  States  of  Florida, 
Alabama,  Mississippi,  and  Tennessee.  All  of  this  territor)S 
except  the  private  claims^  has  been  subdivided,  or  laid  out,  in 
rectangular  tracts  bounded  by  north  and  south  and  east  and 
west  lines,  each  tract  having  a  particular  designation,  such  that 
it  is  impossible  for  the  patents  or  titles,  as  obtained  from  the 
Government*  to  conflict.  This  has  saved  mUlions  of  dollars  to 
the  land*owners  in  these  regions  by  preventing  the  litigations 
that  are  common  in  the  old  colonial  States^  and  is  one  of  the 
greatest  boons  of  our  national  Government  The  system  wa.^ 
probably  devised  by  Gen.  Rufus  Putnam,^  an  American  offictr 
in  the  Revolutionary  Wan  It  was  first  used  in  laying  out  the 
eastern  portion  of  the  State  of  Ohio,  in  1 786-7,  then  called  the 
Northwest  Territory,     This  was  the  first  land  owned  and  sold 

■*Sce  ft  paper  read  before  the  EngiTjeers'  Club,  of  Su  Louk,  by  Ci^l  H.  C 
Moore,  and  published  in  Xh^i  Jottrmti  of  tkir  Associatiom  &/  En^necrin^  S&cUtiii 
VqI  IK,  p.  aSa. 
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164-  The  Division  into  Townships, — From  each  *'towQ' 
ship  corner*'  on  any  standard  parallel  auxiliary  meridtans are 
run  north  to  the  next  standard  parallel*  Since  these  meridians 
converge  somewhat  toward  the  principal  meridian,  they  will 
not  be  quite  six  miles  apart  when  they  reach  the  next  standard 
parallel.  But  the  full  six-mile  distances  have  been  marked  off 
on  this  parallel  from  the  principal  meridian,  and  it  is  from 
these  township  corners  that  the  next  auxiliary  meridians  will 
start  and  run  north  to  the  next  standard  parallel,  etc.  Thus 
each  standard  parallel  becomes  a  **  correction-line  '*  for  the 
meridians.  The  territory  has  now  been  divided  into  "*  ranges" 
which  are  six  miles  wide,  each  range  being  numbered  east  and 
west  from  the  principal  meridian.  These  ranges  are  then  cut 
by  east  and  west  lines  joining  the  corresponding  township 
corners  on  the  meridians,  thus  dividing  the  territory  into 
**  townships,"  each  six  miles  square,  neglecting  the  narrowing 
effect  of  the  convergence  of  the  meridians.  The  townships 
are  numbered  north  and  south  from  the  ''principal  base-line," 
The  fifth  township  north  of  this  base-line,  lying  in  the  third 
range  west  of  the  principal  meridian,  would  be  designated  as 
**  town  five  north,  range  three  west/*  Each  township  contains 
thirty-six  square  miles,  or  23,040  acres. 

165,  The  Division  into  Sections. —The  township  is  divided 
into  thirty-six  sections,  each  one  mile  square  and  containing 
640  acres.  This  is  done  by  beginning  on  the  south  side  o{ 
each  township  and  running  meridian  lines  north  from  the 
'*  section  corners  "  already  set,  marking  every  mile  or  •'  sectiofi 
corner/*  and  also  every  half-mile  or  ''  quarter-section  corner/' 
When  the  fifth  section  corner  is  reached,  a  straight  line  is  run 
to  the  corresponding  section  corner  on  the  next  township  liae. 
This  will  cause  this  bearing  to  be  west  of  north  on  the  west,  and 
east  of  north  on  the  east,  of  the  principal  meridian.  When  this 
northern  township  boundary  is  a  standard  or  correction-line, 
then  the  sectional  meridians  are  run  straight  out  to  it.  and  thus 
this  line  becomes  a  correction-line  for  the  section-lines  as  well 
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\s  for  the  township-tines.  The  east  and  west  division-lines 
ire  run,  connecting  the  corresponding  section  corners  on  the 
neridian  section  lines,  always  marking  the  middle,  or  quarter- 
lection  points*  Evidently,  to  run  a  straight  line  between  two 
H>int5  not  visible  from  each  other,  it  is  necessary  first  to  run  a 
andom  or  trial  line,  and  to  note  the  discrepancy  at  the  second 
roint.  From  this  the  true  bearing  can  be  computed  and  the 
lourse  rerun,  or  the  points  on  the  first  course  can  be  set  over 
he  proper  distance.  The  sections  are  numbered  as  shown  in 
^!g5>  51  and  52. 

When  account  is  taken  of  the  convergence  of  meridians,  the 
sections  in  the  northern  tiers  of  each  township  will  not  be  quite 
►ne  mile  wide,  east  and  west ;  but  as  the  section  corners  are  set 
\t  the  fuli  mile  distance  on  the  township-lines,  the  southern 
ections  in  the  next  town  north  begin  again  a  full  mile  in  width, 
n  setting  the  section  and  quarter-section  corners  on  the  east 
tnd  west  town  lines  the  full  distances  are  given  from  the  east 
oward  the  west  across  each  township,  leaving  the  deficiency 
m  the  last  quarter-section,  or  40-chain  distance,  until  the  next 
orrection4ine  is  reached,  w^hen  the  town  meridians  are  again 
>d justed  to  the  full  six>mile  distances.  j 

166.  The  Convergence  of  the  Meridians  is,  in  angular 

^P  ^  =  «i  sin  I  (X  +  Z  ) ; 

mere  m  —  meridian  distance  in  degrees,  or  difference  of  longi* 
ode,  and  L  and  L*  are  the  latitudes  of  the  two  positions.  In 
►tier  words,  the  angular  convergence  of  the  meridians  is  the 
lilJerence  in  longitude  into  the  sine  of  the  mean  latitude* 

The  convergence  in  chains  of  two  township-lines  six  mile** 
ipart^  from  one  correction-line  to  another  twenty-four  miles 
Lpatt^  to  lat,  40'',  is  j 

C=  24  X  80  X  sin  €% 

rhere  c,  m  degrees*  =  ^^  sin  40%  since  one  degree  of  longitude 
D  lat-  40''  =  S3  miles.     Thus  c  —  4 .37  for  each  sbc-mile  dis- 

^K       *  Vmm  W^  CGK  Appendix  D.  wben  Kfai  4  km  taken  «>  Biiity.  J 
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tance,   east   or  west,  in    lat.  40^,      Whence  C  =  2,42  chains. 

which  is  what  the  northern  tier  of  sections  in  the  north  range 

between  correct ion-Unes  lacks  of  being  six  miles  east  and  west. 

In  a  similar  manner,  we  may  find  that  the  north  sections  in 
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a  town  are  about  six  feet  narrower,  east  and  west,  than  the 
corresponding  southern  sections  in  the  same  town. 

Figures  51  and  52  show  the  resulting  dimensions  of  sections 
in  chains  when  no  errors  are  made  in  the  field-work.  The 
north  and  south  distances  are  all  full  miles.* 

In  Fig.  51  it  will  be  observed  that  in  the  northern  tier  of 
sections  the  meridians  must  bear  westerly  somewhat  so  as  to 
meet  the  full-mile  distance,  laid  off  on  the  township-h'ne. 

*  Of  course  aU  measurements  in  surveying  are  more  or  less  inexact,  and  hence  the 
actual  lengths  on  section  lines  deviate  more  ox  \ess  liom  xVie^ft  theoretical  amounts. 
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In  Fig.  52  they  continue  straight  north  to  the  town  line, 
hich  is  in  this  case  a  correction-line.  If  the  distances  on  this 
»rrection-linc  be  summed  they  will  be  found  to  be  2.42  chains 
ort  of  six  miles  as  above  computed. 


CORRECTION-LINE. 
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The  law    provides  that  all  excesses  or  deficiencies,   eitVicn 
m  erroneous  measurements  or  bearings  or  from  the  con x- err 
ice  of  meridians,  shall,  so  far  as  possible,  be  thrown  into    tHc 
rthem  and  western  quarter-scctions  of  the  township. 

167.  Corner  Monuments  have  been  establi.shcd  on  ^\ 
lited  States  land  sun-eys  at  all  the  corners  of  townships 
tions,  quart er-sect ions,  and  meandered  lines,  except    at    tH 
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point  common  to  four-quarter  sections,  at  the  center  of  each 
section-     These  monuments  are  of  various  composition,  as; 

{a)  A  stone  with  pits  and  earthen  mound. 

{6}   '*      '*        ''     a  mound  of  stone, 

(c)    •*      **         **       bearing  trees, 

{d)  A  post  in  a  mound  of  stone, 

{e)    '*      ''     "  ''       ''        '*  earth, 

(/)   "      ''     with  bearing  trees, 

(g)  A  mound  without  post  or  stone, 

{A)  A  tree  without  bearing  trees, 

(i)    **     **     with  '* 

Whenever  possible,  certain  descriptive  marks  and  letters  are 
cut  on  the  stones,  posts,  or  trees^  such  as  described  in  the  fol- 
lowing sample  field  notes,  taken  from  the  Manila/  of  hutruc- 
iions,  issued  by  the  United  States  Land  Commissioner^  Wash* 
ington,  D.  C,  in  which  full  illustrations  and  descriptions  are 
found  on  all  matters  pertaining  to  the  original  surveys  of 
public  lands.  It  should  also  be  stated,  that  any  of  the  styles 
of  marking  above-named  may  be  used  for  any  kind  of  comer* 
and  that  the  styles  described  below  are  not  limited  to  the  pur- 
poses there  named. 


STANDARD   TOV^NSHIP   CORNER. 

Set  a  —  stone  ^  x  —  x  — ^  x  ins,  —  ins.  in  the  ground  for 
Standard  Cor.  to  Tps.  5  N,,  R's  2  and  3  W.,  marked 
S.  C,  with  6  notches  on  N,,  E.,  and  W.  edges*  dug 
pits  24  X  18  X  12  ins.  crosswise  on  each  line  ;  N.,  E., 

and  W*  of  stone  6  ft,  dist.*  and  raised  a  mound  of  earth  2^  ft* 

high,  5  ft.  base,  alongside. 


Stone,  with 
PUs  and 
Mound 


STANDARD   SECTION   CORNER* 


Set  a  post  4  ft,  long*  4  ins.  square,  24  ins,  in  ground  folj 
Standard  Cor.,  to  sees.  35  and  36,  marked 


"^^K  S.  C.  T.  s  N.,  R.  3  W,,  on  N,j 

S.  36  on  £.,  and 


Trees, 
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S  35  on  W.  faces,  with  I  notch  on  E.  and  S  notches  on  W» 
aces,  from  which 

A  —  ,  —  ins.  diam.  bears  N*  —  °,  E*  —  Iks.  dist,,  marked  T. 
N,,  R,  3  W.  S.  36  B.  T. 

A  —  ,  —  ins*  diam.  bears  N.  —  ^  W,  ~  Iks,  dist*  marked  T. 
5  N,,  R.  3  W.  S.  3S  B.  T. 

A  —  *  —  ins.  diam.  bears  S<  ^  "",  E-  —  Iks.  disL,  marked  T. 
5  N.,  R.  3  W.  S,  C  S.  35  and  36  B.  T, 


CORNER  COMMON   TO   FOUR  SECTrONS- 

Deposited   a  marked    stone  (charred    stake    or  quart   of 

charcoal)  12  ins.  in  the  ground,  for  Cor.  to  Sees. 

with^^Port     25,  26,  35,  and  36;  dug  pits,  18^18x12  ins*  in 

each  Sec,  5^  ft.  dist.,  and  raised  a  mound  of  earth 

2  ft.  high,  4|  ft.  base  over  iu 

In  S.  C  pit  drove  a  stake  2  ins.  square^  2  ft.  long,  12  ins.  in 
ground,  marked 

T.  2  N-,  S.  25,  on  N,  E, 

R,  2  W.,  S-  36,  on  S*  E. 

S.  35,  on  S*  W,,  and 

S-  26,  on  N.  W.  faces  with  1  notch  on  S.  and  E-  edges. 


QUARTER-SECTION   CORNER. 

Set  a  post  3  ft.  long*  3  ins.  square,  with  marked  stone j 
f,pgt  Bi         (charred  stake  or  quart  of  charcoalj,  12  ins.  in  thi 
***™^         ground,  for  \  Sec.  Cor,,  marked  \  S,  on  N.  (or  W.) 
face;   dug  pits,  iS  x  18  x  12  ins.,  N.  and  S.  (or  E-  and  W.)  ft.j 
base  of  post  5 J  ft,  dist.,  and  raised  a  mound  of  earth  l|   ft.^ 
high,  3t  AHJund  post- 
168.  Tlie  Subdmsion  of  Sectjons.*— No  intcricw  section 
lines  were  nin   by  the   United  States  Deputy  Sur\€yors,  but 


I 


•FitfteU 


»  gtrca  by  U,  S,  Gc^eiml  Uad 


l^f-lU- 
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quafter-section  corners  were  set  at  the  middle  points  of  all  the 
four  sides  of  all  sections,  except  those  in  the  north  and  west 
tiers  in  each  township.  In  order  to  satisfy  the  law,  that  so  far 
as  possible  all  excesses  and  deficiencies  should  be  thrown  into 
the  north  and  west  tiers  of  quarter-sections,  the  nionumenti 
on  these  section  lines  are  placed  just  40  chains  from  the  next 
Interior  section  lines*  That  is  say,  the  east  and  %vcst  quarter- 
section  line  in  the  north  tier  of  sections  lies  40  chains  from  and 
parallel  to  the  south  side  of  such  section,  and  the  north  and 
south  quarter-section  line  in  the  west  tier  of  sections  lies  40 
chains  from  and  parallel  to  the  east  side  of  such  sections.  In  all 
other  cases  the  quarter-section  lines  are  intended  to  be  tnediJ 
lines.  The  location  of  the  quarter-section  comers,  when  S" 
will  control  the  position  of  these  lines,  howeverj  so  that  nothi 
remains  to  be  done  in  making  a  resurvey  but  to  run  trial 
random  lines  throagh  the  section  from  one  quart er-secti' 
corner  to  the  opposite  one,  and  by  noting  the  errors*  corra 
one-half  of  them  at  the  centre  of  the  section,  and  so  obtain  t 
point  where  the  lines  joining  the  opposite  quarter-section  comi 
of  a  section  intersect.    This  is  the  interior  quarter-section  coni« 

In  case  no  quart er^sect ion  corner  has  been  or  can  be  set  oa 
one  side  of  a  section,  the  quart er^sect ion  line  is  to  be  extend 
from  the  opposite  corner  by  a  true  north  and  south  or  east  ai 
west  line. 

The  north  and  west  tiers  of  quarter-sections  in  every  to 
ship  are  called  fractional  quarters,  and  are  divided  again  into 
one  full  half-quarter  and  a  fractional  half-quarter.  The  north* 
ern  tier  arc  so  divided  by  an  east  and  west  line  running  just  2Q 
chains  north  of  the  quarter-section  line,  and  the  western  tief 
of  quarter-sections  are  divided  by  a  north  and  south  line  lying 
just  20  chains  west  of  the  quarter-section  line,  the  N.  W.  quai* 
ter  of  Section  6  being  classed  with  the  northern  tier  of  quaf- 
ters.  All  other  subdivided  quarter-sections  are  divided  intft 
half  quarter-sections  by  medial  lines  run  north  and  south,  and 


into  quarter  quarter-sections  by  medial  lines  run  east  and  west 
between  the  corresponding  sides  of  the  quarter-section. 

i6g.  To  Run  Out  a  Parallel  of  Latitude  or  a  True  East 
and  West  Line* — A  true  cast  and  west  line  is  one  which  is  at 
ever}-  point  at  right  angles  to  a  meridian  passing  through  that 
point-  It  is  therefore  a  con^itantly  curving  line,  being  always 
deflected  toward  the  north  in  the  northern  hemisphere.  Any 
line  run  on  the  earth*s  surface  by  prolongation  by  means  of 
any  surveying  instrument  will  be  a  great  circle.  If  the  niag- 
netic  needle  always  pointed  directly  north,  a  line  run  at  ri^ht 
angles  to  its  direction  would  be  a  parallel  of  latitude.  Since 
the  solar  compass,  or  attachment,  always  orients  itself  in  the 
true  meridian,  any  line  run  by  it  at  right  angles  to  the  con-' 
stantly  observed  meridian  will  be  a  true  east  and  west  line. 
This  is  the  only  instrument  capable  of  running  such  a  line 
directly. 

This  method  is  not  so  accuratep  however,  as  to  use  a  transit, 
and  make  frequent  observations  for  azimuth.  Then,  starting 
out  on  a  true  east  and  west  line,  run  out  a  straight  line  by 
prolongation  (Art.  lOO,  p.  95)  for  some  twelve  miles  distance, 
and  make  corrections  northward  for  the  points  on  the  true 
parallel  Then  offset  the  proper  distance,  set  the  transit  again 
on  the  parallel,  and  either  make  a  new  observation  for  as^imuth 
or  carry  the  old  azimuth  forward,  correcting  it  to  agree  with 
the  new  meridian.  To  do  this  two  tables  are  required :  one 
to  give  the  proper  oflfsets  from  the  great  circle  to  the  parallel 
of  latitude  tangent  to  it  at  the  initial  meridian,  and  the  other 
to  give  the  change  in  azimuth  necessary  to  prolong  the  line 
from  a  new  meridian  when  no  new  observation  for  azimuth  can 
be  obtained.  These  two  tables'^  are  combined  in  one  on  the 
following  page.  The  angles  there  given  are  measured  from  the 
jiorth  point  toward  the  point  of  tangency  of  the  straight  tine 

*  condensed  from  tables  given  in  the  '*  Mnpual  of  Instrtictions/'  issued  by  tho 
CetBiiitMiioner  oi  the  Gene  ml  Latid  Office,  Wusliington,  D.  C\,  fBQO; 
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with  the  parallel,  which  is  the  initial  point  from  which  the 
distances  given  in  the  table  are  measured.  The  convergence 
of  the  nneridians  for  the  corresponding  distances  is  90"^,  minuf 
the  angles  given  in  this  table. 

The  offsets  are  to  be  always  measured  to  the  north  of  the 
great  circle  or  tangent  straight  line,  in  the  northern  hemi- 
sphere, and  south  from  it  in  the  southern  hemisphere* 

Having  started  from  a  given  point  due  east,  in  latitude  40^, 
for  instance,  and  run  out  a  straight  line  for  six  miles,  we  find 
from  the  accompanying  table  that  the  true  meridian  is  ob- 
tained by  turning  off  from  east  to  south  or  from  west  to  north 
the  angle  89'^  55'  38 ',  and  the  true  position  of  the  parallel  at 
this  point  is  20.1  ft*  north  of  the  line*  When  twelve  miles 
I  have  been  runout  in  one  continuous  tangent  line  the  angle 
with  the  meridian  is  89^  sT  \f\  and  the  parallel  now  lies  Sas 
ft.  north  of  the  line. 


ACUTE  ANGLES  WITH  THE  MERIDIAN.  AND  OFFSETS  TO  PAKAL- 
LELS.  AT  POINTS  ONE  MILE  APART  ON  A  GREAT  CIRCLE  OR 
STRAIGHT  LINE  TANGENT  TO  THE  PARALLEL  AT  THE  mi- 
TIAL  POINT. 
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S  MUc(. 
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DING  THE   AREA  OR  SUPERFICIAL    CONTENTS  OF    LAND 
WHEN   THE   LIMITING    BOUNDARIES   ARE   GIVEN. 


170,  The  Area  of  a  Piece  of  Land  is  the  area  of  the  level 
surface  included  within  the  vertical  planes  through  the  bound- 
ary^ines-  This  area  is  found  in  acres,  roods,  and  perches,  or, 
better,  in  acres  only,  the  fractional  part  being  expressed 
decimally.  Evidently  the  finding  of  such  an  area  involves  two 
distinct  operations,  viz,:  the  Field-work,  to  determine  the 
|K»s]tions«  directions,  and  lengths  of  the  boandary-lines;  and 
the  ComputatioHp  to  find  the  area  from  the  field-notes.     Th€ 
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are  several  methods  of  making  the  field  observations,  giving | 
rise  to   corresponding   methods  of   computation.      Thus,  tk 
area  maybe  divided  into  triangles,  and  the  lengths  of  the  sides, 
or  the  angles  and  one  side,  or  the  bases  and  altitudes  measured, 
and  the  several  partial  areas  computed.     Or  the  bearings  and 
distances  of  the  outside  boundary-lines  maybe  determined  and 
the   included  area  computed  directly-     This  is  the  commoul 
method  employed.    Again,  the  rectangular  coordinates  of  cac 
of  the  corners  of  the  tract  may  be  found   in  any  manner  with 
reference  to  a  chosen  point  which  may  or  may  not  be  a  point 
in  the  boundary,  and  the  area  computed  from  these  coordt 
nates.     These  three  methods  will  be  described  in  detaiL 


L  Ar^a  by  Triangular  Sttbdiviswn* 

171.  By  the  Use  of  the  Chain  Alone,— In 
ABCDEF  be  the  corner  bound- 
aries of  a  tract  of  land,  the  sides 
being  straight  lines.  Measure 
all  the  sides  and  also  the  diag- 
onals ACy  AD,  AE,  and  FB. 
The  area  required  is  then  the 
sum  of  the  areas  of  the  four  tri- 
angles ABC.  ACD,  ADE,  and 
AEF,  These  partial  areas  are 
computed  by  the  formula 


Fig.  53  letl 


Area  =  ¥^s  —  a){s  —  6){s  —  £\ 


where  1  is  the  half  sum  of  the  three  sides  ^,  ^,  ir  in  each  case* 

Fcr  a  Ckeck.plot  the  work  from  the  field-notes.  Thus,  take 
any  point  as  A  and  draw  arcs  of  circles,  with  A  as  the  com- 
mon centre,  %vith  the  radii  AB.AC,  AD,  AE.  and  AF  tdktxi  \^ 
the  scale  of  the  plot.  From  any  point  on  the  first  arc,  as  B, 
and  with  a  radius  equal  to  BC  to  scale,  cut  the  next  arc,  whose 
radius  was  AC.  giving  the  point  C.     From  C  find  D  with  the 
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measured  distance  CD^  etc.,  until  F  is  reached.     Measure  FB 
<ni  the  plot,  and  if  this  is  equal  to  the  measured  length  of  this 
line,  taken  to  the  scale  of  the  drawing,  the  field-work  and  plot  are 
Correct,      It  is  evident  the  point  A  might  have  been  taken  any^ 
^*hcre  inside  the  boundary-lines  without  changing  the  method. 
172,  By  the  Use  of  the  Compass,  or  Transit^  and  Chain. 
— If  the  compass  had  been  set  up  at  A  the  outer  boundaries 
could  have  been  dispensed  with,  except  the  lines  AB  and  AF. 
All  that  would  be  necessary  in  this  case  would  be  the  bear- 
ings and  distances  to  the  several  corners.     We  then  have  two 
sides  and  the  included  angle  of  each  triangle  given  when  the 
area  of  each  triangle  is  found  by  the  formulae 

Area  —  \ab  sin  C- 
In  this  case  there  is  no  check  on  the  chaining  or  bearings. 
The  taking-out  of  the  angles  from  the  given  bearing?  could  be 
checked  by  summing  them-  This  sum  should  be  560''  when 
A  is  inside  the  boundary-Hne,  and  360''  minus  the  exterior 
angle  FAB  when  A  is  on  the  boundary*  If  the  boundary- 
lines  be  measured  alsd  then  the  area  of  each  triangle  can  be 
computed  by  both  the  above  methods  and  a  check  obtained* 

173-  By  the  Use  of  the  Transit  and  Stadia,*— Set  up 
at  j4,  or  at  any  interior  or  boundary  point  from  which  all  the 
comers  can  be  seen,  and  read  the  distances  to  these  corners 
and  the  horizontal  angles  subtended  by  them.  The  area  is 
then  computed  by  the  formula  given  in  the  previous  article* 
The  distances  may  be  checked  by  several  independent  read- 
ings, and  the  angles  by  closing  the  horizon  (sum  —  36o'')< 

The  above  methods  do  not  establish  boundary-lines,  which 
is  usually  an  essential  requirement  of  every  survey. 

IL  Area  from  Bcarirtg  and  Length  of  tkr  Bmmdarjf'iines. 

174.  The  Common  Method  of  finding  land  areas  is  by 
means  of  a  compass  and  chain.  The  bearings  and  lengths  of 
the  boundar>Mines  are  found  by  following  around  the  tract  to 
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*  The  siadiiL  methods  are  detcribed  in  Chapter  VIII. 
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the  point  of  beginning.  If  the  boundary -lines  arc  unobstructed 
by  fences,  hedges,  or  the  like,  then  the  compass  is  set  at  the 
corners^  and  the  chaining  done  on  line.  If  these  Hnes  are  ob- 
structed, then  equal  rectangular  offsets  are  measured  and  the 
bearings  and  lengths  oi paraiiei  lines  are  determined.  In  this 
case  the  compass  positions  at  any  corner  for  the  two  courses 
meeting  at  that  corner  are  not  coincident,  neither  are  the  final 
point  of  one  course  and  the  initial  point  of  the  next  course, 
the  perpendicular  offsets  from  the  true  corner  overlapping  on 
angles  less  than  i8o^  and  separating  on  angles  over  i8o\ 

The  chaining  is  tu  be  done  as  described  in  Art.  4,  p<  8,  the 
66-foot  or  Gunter's  chain  being  used.  Both  the  direct  and  the 
reverse  bearing  of  each  course  should  be  obtained  for  a  check  as 
well  as  to  determine  the  existence  of  any  local  attraction.  For 
the  methods  of  handling  and  using  the  compass  see  Chapter  IlJ 
175.  The  Field-notes  should  be  put  on  the  left-hand  page  1 
and  a  sketch  of  tfie  line  and  objects  crossing  it  on  the  right- 

I  hand  page  of  the  note-book.     The  following  is  a  convenient 
form  for  keeping  the  notes.     They  are  the  fic!d*notes  of  the 
survey  which  is  plotted  on  p    192,     It  will  be  seen  that  the    ' 
"tree"  was  sighted   from  each  comer  of  the  survey  and  itsfl 
bearing  recorded.     If   these  lines  were  plotted  on  the  map 
they  would  be  found  to  intersect  at  one  point.     If  the  plot 
had  not  closed,  then  these  bearings  would  have  been  plotted 
and  they  would  not  have  intersected  at  one  point,  the  first 
line  which  deviated  from  the  common  point  indicating  that 
the  preceding  course  had  been  erroneously  measured,  either  in 
bearing  or  distance,  or  else  plotted  wrongly.     In  general  suchfl 
bearings,  taken  to  a  common  point,  enable  us  to  locate  an  ' 
error  either  in  the  field-notes  or  in  the  plot.     The  bearings  of 
all  division-fences  were  taken,  as  well  as  their  point  of  inter- 
section with  the  course,  so  that  these  interior  lines  could  be 
plotted  and  a  map  of  the  farm  obtained.     The  **old  mill"  is 

^  located  by  bearings  taken  from  corners  ^and  C    The  reverse- 
bearings  are  given  in  parenthesis* 
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FIELD  NOTES-COMPASS  SURVEY. 

Oct.  23,  1885. 
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Fig.   55. 


COMPUTING    THE   AREA. 

176.    The    Method    stated.  — In 

Fig.  55,*  let  ABCDE  be  the  tract  whose 
area  is  desired.  Let  us  suppose  the 
bearings  and  lengths  of  the  several 
courses  have  been  observed.  Pass  a 
meridian  through  the  most  westerly 
corner,  which  in  this  case  is  the  corner 
A,  Let  fall  perpendiculars  upon  this 
meridian  from  the  several  corners,  and 
to  those  lines  drop  other  perpendicu- 
lars from  the  adjacent  corners,  as  shown 
in  the  figure.     Then  we  have: 


.  ABCDE  =  hBCDfb  -  bBAEDfb 

=  bBCe  +  eCDf  -  {bBA  +AEa  +  aEDf ,. 

:e  twice  the  area  ABCDE  is 

2  A  =  (bB  +  6^C)Br  +  {eC^-fD.Dd 
-  {bB\Ab  -  iaE)Aa  —  {aE  -^fDiE^ 


/e  will  now  proceed  to  show  that  tliest  iBzz 
ly  obtained  from  the  lengths  and  l«2nn?--c   ^ 
J7.  Latitudes,  Departures,  and 
^atitude  of  a  course  is  the  length  of  t^r  crrr  -. 
>n  of  that  course  on  the  meridiax.  vrz'.-'^   - 
,e  into  the  cosine  of  its  bearinp.     Zrrc-    ■- 
e  course  is  northward  its  lathixxkr^- Zm£^ 
koned  positively :  while  i 


ide  is  called  its  southing,  anr.  xr- 


♦  The  lines  OD  and  CX  n 
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V  The  depariun  pf  a  course  is  the  length  of  its  orthographic 
projection  on  an  east  and  west  line,  or  it  is  the  length  of  the 
course  into  the  sine  of  its  bearing.  If  the  forward  bearing  of 
the  course  is  eastward  its  departure  is  called  its  eastings  and  is 
reckoned  positively;  while  if  its  forward  bearing  is  westw^ard 
its  departure  is  called  its  westing,  and  is  reckoned  negatively. 

The  meridian  distance  of  a  point  is  its  perpendicular  dis- 
tance from  the  reference  meridian,  which  is  here  taken  through 
the  most  westerly  point  of  the  survey, 

Tke  meridian  distance  of  a  course  is  the  meridian  distance 
of  the  middle  point  of  that  course;  therefore 

•I  The  double  meridian  distance  of  a  course  is  equal  to  the  sum 
of  the  meridian  distances  to  the  extremities  of  that  course. 
The  D,  M.  D/s  of  the  two  courses  adjacent  to  the  reference 
meridian  are  evidently  equal  to  their  respective  departures. 
The  D,  M-  D.  of  any  other  course  is  equal  to  the  D.  M.  D,  of 
the  preceding  course  plus  the  departure  of  that  course  plus 
the  departure  of  the  course  itself,  easterly  departures  being 
counted  positively  and  westerly  departures  negatively.  This 
is  evident  from  Fig.  55. 
■  Thus  in  Fig,  55  Dd  is  the  latitude  and  dC\%  the  departure 
of  the  course  DC^  If  the  survey  was  made  with  the  tract  on 
the  left  hand,  then  the  latitude  of  this  course  is  positive  and 
the  departure  negative;  while  the  reverse  holds  true  if  the 
survey  was  made  with  the  tract  on  the  right  hand.  In  this 
discussion  it  will  be  assumed  that  the  survey  is  made  by  going 
around  to  the  left,  or  by  keeping  the  tract  on  the  left  hand, 
although  this  is  not  essentiaL  The  D*  M.  D.  of  this  course  J 
^CD  Is  fD  +  eC;  or  it  is  the  D.  M.  D.  of  BC+cC-\-  {  —  dC).  ' 
^  In  equation  (2),  art,  176,  the  quantities  enclosed  in  paren- 
theses are  the  double  meridian  distances  of  the  several  courses, 
all  of  which  are  positive,  while  the  distances  into  which  these 
are  multiplied  are  the  latitudes  of  the  corresponding  courses. 
If  we  go  around  towards  the  left  the  latitudes  of  the  courses 
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AB^  DE,  and  EA  arc  negative,  and  therefore  the  correspond- 
ing products  are  negative,  while  the  latitudes  of  the  courses 
BC  zxid  CD  being  positive,  their  products  are  positive* 

We  may  therefore  say  that  twice  ike  area  of  the  figun  is 
equal  to  the  algebraic  sum  of  the  products  of  the  double  tpieridian 
disiances  of  the  several  courses  into  the  corresponding  latitudes, 
north  latitudes  being  reckoned  positively  and  south  latitudes 
negatively,  and  the  tract  being  kept  on  the  left  in  making  the 
survey.  If  the  tract  be  kept  on  the  right  in  the  survey,  then 
the  numerical  value  of  the  result  is  the  same^  but  it  comes  out 
with  a  negative  sign, 

178.  Computing  the  Latitudes  and  Departures  of  the 
Courses. — Since  the  departure  of  a  course  is  its  length  into 
the  sine,  and  its  latitude  its  (ength  into  the  cosine,  of  its  bear- 
ing, these  may  be  computed  at  once  from  a  table  of  natural  or 
logarithmic  sines  and  cosines.  When  bearings  were  (formerly) 
read  only  to  the  nearest  15  minutes  of  arc,  tables  were  used 
giving  the  latitude  and  departure  for  all  bearings  expressed  in 
degrees  and  quarters  for  all  distances  from  i  to  lOO,  Such 
tables  are  called  traverse  tables.  It  is  customary  now,  how- 
ever, to  read  even  the  needle-compass  closer  than  the  nearest 
15  minutes;  and  if  forward  and  back  readings  are  taken  on  all 
courses,  and  the  mean  used,  these  means  will  seldom  be  given 
in  even  quarters  of  a  degree.  If  the  transit  or  solar  compas^j  is 
used,  the  bearing  is  read  to  the  nearest  minute.  The  old  style 
of  traverse  table  is  therefore  of  little  use  in  modern  survey- 
ing* The  ordinary  five-  or  six-place  logarithmic  tables  of 
sines  and  cosines  are  computed  for  each  minute  of  arc,  and 
these  may  be  used,  but  they  are  unnecessarily  accurate  for  or- 
dinary land-surveying.  For  this  purpose  a  four-place  table  is 
sufficient*  If  the  average  error  of  the  field-work  is  as  much  as 
I  in  1000  (and  it  is  usually  more  than  this),  then  an  accuracy 
ot  I  in  50CO  in  the  reduction  is  evidently  all-sufRcient,  and  this 
>     is  about  the  average  maximum  error  in  a  four-plaice  table :  that 
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IS,  the  average  of  the  maximum  errors  that  can  be  made  intk 

different  parts  of  the  table. 

Table  I IL  is  a  four  place  table  of  logarithms  of  numbers 
from  1  to  ro*ooo,  and  Table  IV,  is  a  similar  table  of  logarithms 
cf  sines  and  cosines,  from  o  to  360  degrees.  If  a  transit  is 
used  in  making  the  survey,  and  if  it  is  graduated  continu- 
ously from  o  to  360  degrees,  then  the  azimuths  of  the  several 
sides  are  found,  all  referred  to  the  true  meridian  or  to  the  first 
side.  If  it  is  desired  now  to  take  out  the  latitudes  and  At- 
partures,  the  same  as  for  a  compass-survey,  where  the  te&rmp 
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of  the  sides  are  given  directly  referred  to  the  north  and  south 
points,  it  may  be  done  by  Table  IV, 

Since  the  log  sine  changes  very  fast  near  zero  and  the  hg 
cosine  very  fast  near  90"^,  the  table  Is  made  out  for  ever>"  min^ 
ute  for  the  first  threfe  degrees  from  these  points;  for  the  rest 
of  the  quadrant  it  gives  values  10  minutes  apart,  but  with  a 
tabular  difference  for  each  minute.  It  is  very  desirable  to 
make  the  table  cover  as  few  pages  as  possible  for  convenience 
and  rapidity  in  computation.     In  this  table  the  zero- point  is 
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Duth  and  angles  increase  in  the  direction  SWNE,  so  that  in 
he  first  quadrant  both  latitudes  and  departures  are  negative. 

:n  the  second  quadrant  latitude  is  positive  and  departure  nega- 
Ivc,  in  the  third  both  are  positive,  and  in  the  fourth  latitude, 
s  negative  and  departure  positive.  These  relations  are  shownl 
n  Fig.  56.  For  any  angle,  falling  in  any  quadrant,  if  reckoned 
rom  the  south  point  in  the  direction  here  shown,  the  log  sin 
[for  departure)  and  log  cosine  (for  latitude)  may  be  at  once 
found  from  Table  IV,  If  these  logarithms  are  both  taken  out 
at  the  same  time  and  then  the  logarithms  of  the  distance  fronn 
Table  IIL,  this  can  be  applied  to  both  log  sin  and  log  cos.  thus 
giving  the  log  departure  and  log  latitude,  when  from  Table  IIL 
Bgain  we  may  obtain  the  lat*  and  dep.  of  this  course,  giving 
these  their  signs  according  to  the  quadrant  in  which  the  azi- 
muth of  the  line  falls. 

If  Table  IV.  is  to  be  used  for  bearings  of  lines  as  given  by  a 
needle-corn  pass,  then  enter  the  table  for  the  given  bearing,  in 
the  first  set  of  angles,  beginning  at  o  and  ending  at  go"'. 

ExampU.'  Compute  ihe  latitudes  aiia!  departures  of  the  survey  plotied  in 
^f  •  55.  P-  >93.  t*y  Tables  IH.  and  IV-  The  following  arc  the  field  notes  as  thej 
urould  appear,  first,  as  read  by  a  transit  and  referred  to  the  true  meridian;  andp 
vecood,  as  read  by  a  needle  compass- 


Siattoo. 

Ax^muth  rtf erred  to 
the  South  Ppioi. 

Compass  be»iij»g. 

DistftDCe. 

A 

290*  45' 

S,  %"   15^  E, 

7.06 

B 

217'  ts' 

J^.  If  15^  E. 

5-93 

C 

140*  30' 

N,  39^  30'  W. 

6.00 

D 

%f  45^ 

S.  57^  45'  W. 

4.6s 

E 

30°  00' 

S.  30"  00'  W. 

4^98 

The  following  is  a  convenient  fornfi  for  computing  the  lati^ 
tudes  and  departures: 


Cmirie 
AS 
4*11 0. 

Course 
BC 

34  Q. 

Courpe 
CD 

Course 
DE 

Coufsc 

g.9708 

9.7820 

9,8035 

9.927s 

9,6990  j 

.MS 

.7731 

•77Sa 

-667s 

.6972 

.8196 

*S55t 

.5S17 

■5947 

^39<i» 

+  6.60 

+  3.59 

~3.8a 

-3  73 

-«49 

9  5494 

9.9UU9 

9.8874 

9^7272 

9  9575 

.8488 

■7731 

.77Sa 

6675 

,6972 

.39B3 

.6740 

.6656 

.3947 

-6347 

"2.SO 

+  4^72 

+  4^63 

"a.48 

-4  3> 

log  sin  (dep.) 
log  dist,  = 

log  dep.  = 
Departure  = 

log  cos  (laL)  = 
log  dist.  ^ 

log  bt,  " 

Laiitude  = 


It  is  seen  that  Table  IV*  answers  equally  well  for  either  set 
of  bearings,  and  also  that  Table  III,  would  have  given  the  lati- 
tudes and  departures  to  the  fourth  significant  figure  as  well  as 
to  the  third.  If  the  proper  quadrant  is  given  for  each  course 
in  the  heading  as  shown  above,  then  the  signs  may  be  at  once 
given  to  the  corresponding  latitudes  and  departures. 

179*  Balancing  the  Survey. — If  the  bearings  and  lengths 
of  all  the  courses  had  been  accurately*  determined,  the  survey 
would  "close;"  that  is,  when  the  courses  are  plotted  success 
sivcly  to  any  scale  the  end  of  the  last  course  would  coincide 
on  the  plot  with  the  beginning  of  the  first  one.  Furthermore, 
the  sum  of  the  northings  (plus  latitudes)  would  exactly  equal 
the  sum  of  the  southings  (minus  latitudes),  and  the  sum  of  the 


*  The  error  of  closure  simply  shows  a  teant  0/  mit/otmiiy  of  mi^Asurtmenl. 
for  if  all  the  sides  were  in  error  by  the  same  relative  amoujit.  the  survey  wotild 
close  just  the  same.  For  instance,  if  an  erroneous  length  of  chain  were  used- 
the  survey  might  close  but  the  mrea   be   considerably  In  efror.     See  Am*  iSO 
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eastings  (plus  departures)  would  exactly  equal  the  sum  of  the 
westings  (minus  departures).  It  is  evident  that  such  exactness 
is  not  attainable  in  practice,  and  that  neither  the  north  and 
south  latitudes  nor  the  east  and  west  departures  will  exactly 
balance,  there  always  being  a  small  residual  in  each  case. 
These  residuals  are  called  the  errors  of  latitude  and  departure 
respectively.  The  distribution  of  these  errors  is  called  bal- 
ancing the  survey.   . 

In  the  form  for  reduction  of  the  field-notes  given  below, 
wherein  this  example  is  solved,  it  is  seen  that  the  error  of  lati- 
tude is  6  links  and  the  error  of  departure  is  5  links.  The  dis- 
tribution of  these  errors  is  made  by  one  of  the  following : 


FORM  FOR  COMPUTING  AREAS  FROM  BEARINGS  AND  DISTANCES 
OF  THE  SIDES. 


Sta. 

Couraet. 

Dif. 

Lat. 

Departure. 

1 
Balanced. 

1 

Q 
Q 

-f 
Area. 

tiODft. 

Bearioi^s. 

Ditt. 

N. 

S. 

E. 

■f 

w. 

Lat. 
-9.52 

Dep. 

Area. 

A 

S.  69*  15'  E. 

Ch. 

7.06 

9.50 

6.60 

1 
4-6.61  , 

6.61  '  .... 

16.66 

B 

N.  37»  «5'  E. 

593 

4.7a 

— 

3-59 

+  4.71 

4-3.60. 

16. 8«    79.99 

C 

N.39*3o'W. 

6.00 

4.63 

3.89 

+  4.69 

-3-8i 

16.61    76.74 

D 

S.57*45'W. 

4.65 

a-48 

3-93 

-9.49 

—  3  9a  ' 

8.88'   .... 

99.11 

B 

S.  30*00' W. 

4.98 

.... 

4-3» 

.... 

2,49 

-4-32 

-9.48, 

9.48     .... 

10.71 

98.69 

9.35 

9.29 

10.19 

10.94 

iSS-96 

49.48 

9.99 

10.19 

49.48 

Brroi 

rinUt 

=  .06 

Error 

in  dep. 

=  .05 

-\ 

106.48 

Area  =  53.24  sq.ch. 
=  5.324i4rrM 


Brror  of  cloture  =  ^L^L±^  : 


0.0027 
:  I  in  jM. 
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RULES  FOR  BALANCING  A  SURVEYS 


'Sum  of  all  the  dhinnctt  is  io  eacii  fiartuMk^^ 
stance,  so  is  the  whole  error  in  hiituJe{0r  depariur^)  to  the  a^ 
\ctioH  of  the  corresponding  latitude  {or  defmriHri),  each  conrc* 
being  su  applied  as  to  diminish  the  whole  error  in  eaci 

Rule  2.  Determine  the  relative  difficulties  to  accunte 
lea^ureinent  and  aiignment  of  the  several  courses,  sekctinj 
le  course  as  the  standard  of  reference.  Thus,  if  the  standant 
yurse  would  probably  give  rise  to  an  error  of  i,  determine 
[hat  the  errors  for  an  equal  disiane^  on  the  other  course 
[ould   probably  be,  as  ij,  2.  I.  aj  etc.     Multiply  the  Icngtli 

each  course  by  its  number,  or  weight*  as  thus  obtainttt 
fhcn  we  would  have; 

w  multiplird  l^ngtks  is  fo  eatk  muliiplid 
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^c  first  Station  on  closing  and  redetermining  the  azimuth  of  the 
rst  course^  as  found  from  the  traverse,  and  comparing  it  with 
be  initial  (true  or  assumed)  azimuth  of  this  course.  If  it  thus 
appears  that  the  traverse  is  practically  correct  as  to  angular 
jneasurements,  it  may  be  fairly  assumed  that  the  error  of 
dosure  is  almost  wholly  due  to  erroneous  chaining.  In  this 
case  use 

Rule  3.  As  the  arithmetical  sum  ^f  all  the  latitudes  is  to  any 
me  latitmle,  so  is  the  whole  error  in  latitude  to  the  eorreefion  to 
the  corresponding  latitude,  each  correction  being  so  applied  as 
to  diminish  the  whole  error  in  each  case.  Proceed  similarly 
with  the  departures.* 

In  the  solution  given  on  p.  199  the  first  rule  is  applied*  In 
ordinary  farm-surveying  it  is  not  common  to  give  the  lengths 
lof  the  courses  nearer  than  the  nearest  even  Hnk  or  hundredth 
of  a  chain*  In  balancing,  therefore,  the  same  rule  may  be 
obser\xd* 

180,  The  Error  of  Closure  is  the  ratio  to  the  whole  pe- 
rimeter of  the  length  of  the  line  joining  the  initial  and  final 
points,  as  found  from  the  field-notes.  The  length  of  this  line 
is  the  hypotenuse  of  a  right  triangle  of  which  the  errors  in 
latitude  and  departure  are  the  two  sides.  Its  length  is  there- 
lore  equal  to  the  square  root  of  the  sum  of  the  squares  of 
these  two  errors.  This  divided  by  the  whole  perimeter  gives 
the  error  of  closure,  which  ratio  is  usually  expressed  by  a 
vulgar  fraction  whose  numerator  is  one,  being  ^Jj^  in  the 
above  example* 

The  error  of  closure  for  ordinary  rolling  country  should  not 


•  It  is  evident  ihat  ibe  courses  could  here  be  weighted  for  different  decrees 
'difficulty  tn  the  chaining;  but  instead  of  muhiplymg  the  lengths  of  the 
courses  by  ibeir  weights,  multiply  the  latitudes  and  departures  by  the  weights 
of  thr  corresponding  courses,  and  then  distribute  the  errors  in  latitude  and 
departure  by  ibese  muUlplied  I  altitudes  «nd  departures. 


202 


SURVEYING, 


be  more  than  i  in  500,     In  city  work  it  should  be  less  than] 
in  1000,  and  should  average  less  than  I  in  5000* 

181*  The  Form  of  Reduction* ^On  p.  199,  the  ordina 
form  of  reduction  is  shown.  Here  the  courses  are  not  weighted] 
for  different  degrees  of  difficulty  in  chaining;  and  since 
was  a  compass-survey  the  effect  of  erroneous  bearings  is  sup- 
posed to  equal  that  from  erroneous  chaining,  and  so  the  first 
rule  for  balancing  is  used.  The  balanced  latitudes  and  de 
partures  having  been  found,  the  double  meridian  distances; 
next  taken  out.  In  taking  out  these  it  is  preferable  to  begii 
with  the  most  wesieriy  a^rner^  whether  this  be  the  first  course] 
recorded  or  not.  In  the  example  solved  on  p.  199,  it  is  the 
first  corner  occupied,  but  in  that  given  on  p.  206  it  is  not  the 
first  course.  By  beginning  with  the  most  westerly  comer 
(which  is  equivalent  to  passing  the  reference  meridian  through 
that  corner),  all  the  double  meridian  distances  will  be  positive; 
otherwise  some  of  them  may  be  negative.  If  attention  be 
paid  to  signs  we  may  begin  at  any  corner  to  compute 
double  meridian  distances. 

A  check  on  the  computation  of  the  D.  M<  D.'s  is  that,  whc 
computed  continuously  in  either  direction  and  from  any  cor- 
ner»  the  numerical  value  of  the  D.  M,  D.  of  the  last  course 
must  equal  its  departure.  This  is  a  ver>'  important  check  and 
must  not  be  neglected,  as  it  proves  the  accuracy  of  all  the  D. 
M.  D/s. 

We  are  now  able  to  compute  the  double-areas  according  to 
equation  (2),  art,  176,  since  the  terms  entering  in  that  equation 
have  their  numerical  values  determined.  The  several  products^ 
being  the  partial  double-areas,  are  written  in  the  last  two  col- 
umns, careful  attention  being  paid  to  the  signs  of  these  prod- 
ucts. Thus,  when  the  reference  meridian  is  taken  through  the 
most  westerly  corner,  then  all  the  D.  M.  D.'s  are  positive  and 
the  results  take  the  sign  of  the  corresponding  latitude.  If 
some  of  the  D.  M,  D.'s  are  negative,  then  the  signs  of  these  par 
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tial  areas  are  opposite  to  those  of  the  corresponding  latitudes. 
The   algebraic  sum  of   the  partial  double-areas  is  twice   the 
area   of  the  figure,  as  shown  in  eq.   (2),  Art.  176*     If  the  dis- 
tances  are   given   in   chains,    then   the   area    is  given    in  sq, 
chains,  and  dividing  by  ten  gives  the  area  in  acres.     If  the  dis- 
tances were  given  m  feet,  as  it  often  is,  being  measured  by  a 
100  foot  chain   or  tape,  then  the  area  is  in  sq.  feet,  and  this 
must  be  divided  by  43560,  the  number  of  sq*  feet  in  one  acre, 
to  give  the  area  in  acres.      This  is  best  done  by  logarithms,  as 
shown  in  the  example  solved  on  p,  206.     It  is  preferable  to  ex- 
press areas  in  acres  and   decimals  rather  than    in  roods  and 
perchesp  as  was  formerly  the  custom. 

On  the  following  page  is  the  reduction  of  the  field-notes 
given  on  p*  191.  Here  the  several  courses  have  been  weighted 
for  various  degrees  of  difficulty  in  the  chaining.  Thus,  the  first 
and  second  courses  were  along  the  public  highway  and  on  even 
ground.  These  are  taken  as  the  standard  and  given  the 
weight  unity.  The  third  course  is  on  very  uneven  ground  and 
is  judged  to  give  rise  to  about  three  times  the  error  of  courses 
one  and  two  per  unit's  distance.  It  is  therefore  weighted 
three.  The  proper  weight  to  give  to  the  several  courses  is 
thus  seen  to  depend  on  the  character  of  the  obstructions  to  ac- 
curate work,  and  represents  simply  the  judgment  of  the  sur- 
veyor as  to  the  probable  relation  of  these  sources  of  error. 
The  short  course  FG  was  v^ry  difficult  to  measure,  as  there 
were  precipitous  bluffs,  and  the  course  GH  was  also  on  very 
uneven  ground. 

Following  the  column  of  weights  in  the  tabular  reduction 
arc  the  multiplied  distances  ;  the  errors  of  latitude  and  depart- 
ure are  distributed  according  to  the  results  in  this  column  by 
Rule  Two,  p»  200*  This  survey  was  also  made  with  a  needle- 
compass. 

In  the  following  example  the  transit  was  used,  and  the 
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irvey  began  ^t  A.  The  azimuth  of  the  line  ^5  (Fig.  57) 
as  found  by  a  solar  attachment, 
nd  then  the  other  courses  ran  as 
traverse^  the  horizontal  limb  of 
he  transit  being  oriented  by  the 
mck  azimuth  of  the  last  course, 
the  azimuths  of  the  courses  are 
iM  referred  to  the  south  point  as 
Ecro,  and  increase  in  the  direction 
SWNE,  After  the  last  course 
^FA  was  run,  the  instrument  was 
carried  to  A  and  oriented  by  a 
l)ack  sight  on  ^and  the  azimuth 
<i  AB  again  determined.  This 
agreed  so  well  with  the  original 
azimuth  of  this  coarse  that  the 
azimuths  of  all  the  courses  were 
proved  to  be  correct.f 

The  error  of  closure  is  therefore  due  to  the  chaining  alone« 
A  hundred-foot  chain  was  used  so  that  the  distances  are  all 
fiven  in  feet.  The  obstructions  to  chaining  were  about  uni- 
form, so  the  courses  are  all  given  equal  weight.  In  balancings 
Rule  Three  must  be  used,  since  the  errors  are  supposed  to 
come  only  from  the  chaining- 

If  the  errors  in  latitude  and  departure  had  been  distributed 
hy  Rule  One,  or  in  proportion  to  the  lengths  of  the  courses, 
the  resulting  area  would  have  been  56.41  acres,  a  difference  of 
a07  acres»  or  about  one  eight  hundredth  of  the  total  area, 

182,  Area    Correction   due  to    Erroneous   Length  of 


Fig.  57/ 


♦Tlie  \mm  MB  and  0(y  m  this  figure  are  used  in  an.  192. 

f  From  the  azimuth  check  here  obiamed,  as  compared  to  the  error*  in  lat- 
lude  and  departure,  decide  whether  the  latter  are  due  tnostly  to  the  chaining 
w  whcUicr  the  errors  in  Aaimuth  have  had  an  equal  influence,  and  so  determiiie 
cr  to  use  rule  i  or  rule  3  in  balancing. 
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hain. — If  the  measuring  unit  has  not  the  length  assigned  to 
it  in  the  computation,  then  the  computed  area  wiil  be  errone- 
pus.  Such  an  error  will  not  show  in  the  balancing  of  the  work 
Dr  elsewhere,  and  hence  an  independent  correction  must  be  ap- 
plied for  this  error  If  the  chain  was  too  long  by  one  one- 
thousandth  part  of  its  length,  for  instance,  then  all  the  courses 
are  too  short  in  the  same  ratio.  And  since  similar  plane  fig. 
ures  are  to  each  other  as  the  squares  of  their  like  parts,  we 
Sirould  have 


» 


true  area  :  computed  area  ;:  (lOOl)'  :  (looo)% 
true  area  =  |fj[f  computed  area  (nearly)  ;* 


or,  in  general,  if  /^  length  of  chain  and  J/^  error  in  lengthy 
being  positive  for  chain  long  and  negative  for  chain  short,  and 
if  ^/is  small  as  compared  with  I,  as  it  always  is  in  this  case, 
then  if  we  let 


and 
we  have 

whence, 


j4  =  true  area.        A'  =  computed  area 
C^  =  correction  to  computed  area, 
d  =  relative  error  of  chain, 

A  ^  -+^^'  ^  (r  +  2^)^'; 

A-A'  =  C^^2AA\ 


That  is  to  say,  tki^  relative  area  correctwH  due  io  errmems 
kngtk  <?/  ckain  is  Hvice  the  relative  error  of  the  chain,  being 
poniive  for  chain  long,  and  negative  f^r  chain  short. 


•Tht  error  in  this  approximation  is  tjne  one-mniiojith  in  this  case,  &nd 
WMlld  always  be  inconaidcrable  in  this  cIass  of  problems^ 
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FINDING    THE    AREA    OR    SUPERFICIAL    CONTENTS    OF 

WHEN    THE    RECTANGULAR    COORDINATES    OF  THE    COK 
NERS  ARE    GIVEN   WITH     RESPECT    TO   ANY    POINT  AS 
ORIGIN, 

183.  Conditions     of    Application     of  this  Method.- 

Where  many  tracts  of  land,  all  bounded  by  straight  lines, 
somewhat  confusedly  tntenningled,  as  is  the  case  in  many< 
the  older  States^  and  where  the  area  of  each  tract  over  an  1 
tended  territory  is  to  be  found,  this  method  is  greatly  to 
preferred  to  that  by  means  of  the  boundary- lines.     In  this  ca 
it  IS  only  necessary  to  make  a  general  coordinate  survey  of  th 
whole  territory,  as  described  in  Chapter  VII L,  on  Topographs- 1 
cal  Surveying,  using  the  stadia  for  obtaining  distances,  and  k^ 
ing  careful  to  locate  every  corner  of  each  tract.     If  areasalon 
arc  required,  no  attention  need  be  paid  to  the  obtaining 
elevations  for  contour  li  nes»  and  so  the  w^ork  is  greatly  facilitated ' 
A  transit  and  two  or  three  stadia  rods  would   be  the   itistnj- 
ments  used.     The  survey  would  then  be  carefully  plotted  andj 
the  coordinates  measured  on  the  sheet,  or  they  could  be  coil 
puted  from  the  field-notes.     If  the  plotting  is  carefully  don 
the   former  method  is  preferable.     It  is  best  to  choose  th 
origin  of  coordinates  entirely  outside  the  tract  and  so  that  the 
whole  area  falls  in  one  quadrant,  thus  making  all  the  codr< 
dinates  of  one  sign. 

Large  tracts  of  mineral  land  are  sometimes  acquired  by 
large  companies,  including  perhaps  hundreds  of  individual  es- 
tates. In  such  cases  a  topographical  map  of  the  region  is 
necessary ;  and  when  this  survey  is  made,  a  little  extra  care  to 
obtain  all  the  *'  corners  *  of  private  claims  w^ll  enable  the  areas 
of  all  such  lots  to  be  determined  with  great  accuracy  and  at 
small  additional  cost.  The  method  probably  has  no  advatt 
tages  when  the  area  of  but  a  single  tract  is  desired. 
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184.  The  Method  of  Finding:  the  Area  from  the  Rec- 
rang^ular  Coordinates  of  the  Corners  is  as  follows : 

Let  Fig.  58  be  the  same  tract  as  that  given  in  Fig.  55,  and 


let  the  origin  be  one  chain  west  of  A  and  three  chains  south  of 
B,  Then,  from  the  balanced  latitudes  and  departures  for  this 
case,  given  on  p.  199,  we  find  the  following  coordinates  of  the 
corners  ja,  j'5,  etc.,  denoting  the  latitudes  of  the  corners  A,  B, 
etc.,  and  similarly  with  -r^,  jr^,  etc.,  for  departures: 

r«  =  5-52,  n  =  3-00,  7c  -  7'7h  ya  =  12.33,  J*  ==  9-84- 
r«=  1.00,      x^  =  7.61,      x^  =  1 1. 21.    Xa  =  7.40,         x^  =  3.48. 

The  area  of  the  figure  ABCDE  is  equal  to  the  areas 
y,BCy,  +y,CDy^  -  \y,EDy^  +  y^AEy,  +  y,BAy,\  ;* 
or 

'^  =  K( ^<:  -y^  {^b  +  ^c)  +  ivd  - yc)  {^c  +  ^d)  -  (ja-ye)  i^^+^e) 

-  {ye  -  ya)  Ue  +  ^a)  -  {ya  -  7*)  (^a  +  ^ft)]-       (0 

•  Here  jffi,  }'f^  etc..  are  used  to  designate  point?  and  not  ordinates.     In  the 
following  equations  they  are  ordinates. 
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By  developing  equation  (i)  we  obtain 
'if  =  i  [y^x^  -y^t,  +yt^a  —Jb^c  +JKe^6  —ytr^d 

From  this  we  may  obtain  either  of  the  following: 


or 

-\-^d{7c-y.)+^Ayd-ya)l 

From  these  equations  we  may  obtain  the  following 


(3) 


RULE      FOR      FINDING     THE     AREA     OF     A    CLOSED      FIGLl 
BOUNDED   BY  STRAIGUT    LINES   FROM   THE   RECTANG0L 
COORDINATES   OF   THE   CORNERS. 

Multiply  tlie  .  ^^5/!f X  f  ^^  ^^^^  corner  by  the  diff^ena  i 


tween  the 


\  m^dinate  f 
ardinates  \ 


)  abscisSiB  f  ^^  '^'^  ^^^  adjacent  corners^  always  maJtrng 
the  subtraction  in  the  same  direction  around  the  figure,  and  taki 
^half  the  sum  of  the  products. 

^       The  student  will  observe  that  this  is  simply  a  more  %^\\t 
case  of  the  former  method  of  computing  the  area  from 
latitudes  and  double-meridian  distances. 


I 


*  If  th^e  coordinates  be  arranged  thus  ; 


tirf&omtim 


h*n  in  accordance  wiih  formuk  (2),  the  area  \h  er|iml  to  ihe  sam  of  the  pn 
of  the  quantities  joined  by  the  broken  4ne&  minus  the  ^um  of  ihc  pro<tuct&  of  tl« 
quantities  joiued  by  the  full  lines. 
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185.  The  Form  of  Reduction  for  this  case  is  given  below. 


i 

Comer, 

Orditutcs 

ill 

Abactii« 

Difference 
betweea  Alter- 
nate Al^scisse. 

EJoubk  Areu. 

A 

5   52 

i,oa 

-    4*13 

—      22, Bo 

■ 

B 

3,00 

7.61 

—  10, 31 

~     30  63 

p 

C 

7-71 

II. 21 

+        ,21 

+        1,62 

D 

12-33 

7.40 

+    7^73 

+    95  31 

E 

9.84 

3-4a 

+    6.40 

+    62,98 

Plus  afCAs  —  159*91 
Minus  areas  =    53^43 
2  )  106.4s 
Area  =    5  5 ,  24  sq,  chns, 
—    5 .  324  acres. 


This  is  the  same  result  as  found  on  p*  199  by  the  other 
method*  as  it  should  be,  since  the  same  balanced  latitudes  and 
departures  were  used  in  each  case. 

It  is  also  evident  that  after  the  balanced  latitudes  and 
departures  are  obtained  for  the  ordinary  perimeter-survey,  the 
,area  maybe  computed  by  this  form— from  equations  (3)1  p. 
210,  if  preferred.  Or,  if  the  coordinates  of  the  corners  are 
itakcn  at  once  from  a  map,  or  computed  from  traverse  lines, 
the  bearings  and  lengths  of  the  courses  joining  such  corners 
could  readily  be  computed.  Thus,  the  length  of  any  course, 
u  BC,  is  BC  ——^        ^     " 


■*'(>  —  ^b 


■  Jft}\  while  its  bearing  is 


the  arc  whose  tan  is 

7.  -A 
186.   Supplying  Missing  or  Erroneous  Data,— In  any 
dosed  survey  there  are  two  geometric  conditions  that  must 
>e  fulfilled,  vi2. : 

1,  The  sum  of  all  the  latitudes  must  be  zero. 

2.  The  sum  of  all  the  departures  must  be  zero* 
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These  two  conditions  give  rise  to  two  corresponding  equa-  j 
tions. 

If  /^,  /,,  /,,  etc.,  be  the  lengths  of  the  several  courses,  and  i 

^i*  ^f-  ^*T  etc.,  be  their  compass-bearings,  then  our  two  geo-j 

metric  conditions  give 

/,  sin  6*^  +  K  -^iTi  ^5  -|-  /,  sin  6^  -\-  etc.,  ^  o.      .     >    n) 

/,  cos  ti', -f  4  cos  ^j  4- A  ^^s  ^1  +  ^tC"  =  Q-      *     •     (2) 

Since  we  have  iw&  independent  equations,  we  can  solve  (or 
two  unknown  quantities*  These  two  unknowns  may  be  any 
two  of  the  functions  entering  in  the  above  equations.  Thus» 
if  any  two  distances,  any  two  bearings,  of  any  one  distance 
and  any  one  bearing  are  missing,  they  may  be  found  from 
these  equations.  Or,  if  but  one  bearing  or  distance  is  missing, 
it  may  be  found  from  one  of  these  equations  and  the  other 
equation  used  for  balancing  either  the  latitudes  or  departures. 
When  all  bearings  and  distances  are  given,  these  equations  ar« 
really  used  in  balancing ;  but  if  they  are  both  used  to  deter- 
mine missing  quantities^  there  can  be  no  balancing  of  errors, 
for  when  the  missing  quantities  arc  computed  by  these  equa- 
I  tions,  both  latitudes  and  departures  will  exactly  balance.  In 
other  words,  all  the  errors  of  the  survey  are  thus  thrown  into 
these  two  quantities* 

This  artifice  should  therefore  never  be  resorted  to  except 
where  it  is  impracticable  to  actually  measure  the  quantities 
themselves  in  the  field. 

There  are  four  cases  to  be  solved : 

L  Where  the  bearing  and  length  of  one  course  are  un- 
known. 

II.  Where  the  bearing  of  one  course  and  length  of  another 
are  unknown. 

IIL  Where  two  bearings  are  unknown. 

IV*  Where  two  lengths  are  unknown. 
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-  The  bearings  will  be  reckoned  from  both  north  and  south 
points  around  to  the  east  and  west  points,  as  is  common  in 
crompass  surveying.  Then  the  length  of  a  course  into  the  sin 
of  its  bearing  gives  its  departure,  and  into  the  cos  of  its  bear- 
ing gives  its  latitude.  North  latitude  is  plus  and  south  latitude 
minus ;  east  departure  plus  and  west  departure  minus. 

In  every  case  let  the  sum  of  the  departures  of  all  known 

courses,  taken  with  the  opposite  sign,  be  D,  and  the  sum  of 

their  latitudes,  taken  with  the  opposite  sign,  be  Z.     Then  D 

and  L  are  the  departure  and  latitude  necessary  to  close  the 

survey. 

Case  l.-^Bearing  and  length  of  one  course  unknown. 
The  two  condition  equations  here  become 

/«sin^^  =  Z>n 

D 
Whence  tan  tf^  =  y- (4) 

Having  found  the  bearing,  find  /„»  from  either  of  equations 
(3).  Particular  attention  must  always  be  paid  to  the  signs  of 
D  and  L.  Evidently  sin  0^  (dep.)  and  cos  6^  (lat.)  have  the 
same  signs  as  D  and  L  respectively,  whence  the  quadrant 
which  includes  the  bearing  may  be  determined  and  the  proper 
letters  applied.     For  this  purpose  Fig.  56  may  be  consulted. 

Case  II. — The  bearing  of  one  course  and  the  length  of  another 
unknown. 

In  this  case  let  a  be  the  known  bearing  of  the  course  whose 
length  is  unknown,  and  let  /  be  the  known  length  of  the  course 
whose  bearing  is  unknown.     Then  we  have 

4  sin  rt:  +  /sin  6^=  D\\ 

l^cosa  +  lcosff^  =  L.   \ ^^^ 
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If  wc  let  sia  a  =  j,  and  cos  a  =  c^  we  have 

i^  =  sD  +  cL±  ¥r-{D'  +  V)^{sD  +  cL)\    .    (6) 

Here  there  are  two  values  of  /„  which  will  satisfy  the  cquaH 
tion,  and  so  there  are  two  solutions  to  the  problem.     If  the  J 
surveyor  has  no  knowledge  whatever  of  either  the  unknownl 
length  or  bearing,  the  problem  is  indeterminate.     If  he  has] 
seen  the  tract    he  could   usually  tell  which  Jength  or  whlchJ 
resulting  bearing  was  the  correct  one,  when  the  problem  wouldJ 
become  determinate.     When  /«  is  found,  substitute  in  one  of 
equations  (j)  ajid  find  8^^.     Pay  careful  attention  to  the  signs 
of  the  trigonometrical  functions  of  all  bearings.     When  the 
two    unknown  courses  are    nearly  at  right  angles  with  each 
other  the  [problem  is  impracticable. 

Case  11  L — Wken  two  bearings  are  unknown^ 
Let  /'  and  t  be  the  known  lengths  of  the  courses  whose 
bearings  are  unknown.     Then  the  equations  become 


(  sin  S„,  + 1  sin 
/'  cos  6^  +  r  cos  B^ 


.   •  W 


Whence 


cos  if^  = I^4-V  " f     '     •     -    W 


Where 


JC=^ 


r^^r^n'  +  v 


This  case  is  also  indeterminate  unless  one  is  able  to  tell 
which  of  the  two  sets  of  bearings  is  the  correct  one.* 

Case  IV. —  IV/ieft  ike  tengiks  of  two  courses  are  unknamn. 
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Let  a  and  ^  be  the  known  bearings  of  the  courses  whose 
lengths  are  unknown. 

Our  equations  here  become 


4  sin  a  +  4  sin  A  =  ^;i 
4  cos  ^  +  4  cos  ^  =:  i,   f  ' 


whence 


/.= 


L  sin  a  —  D  cos  a 
sin  a  cos  b  —  cos  a  sin  ^' 


This  case  is  determinate,  except  when  the  unknown  sides 
are  parallel. 

In  case  there  is  but  one  unknown,  then  either  one  of  equa- 
tions (3)  will  solve.  In  taking  out  either  the  sine  or  the  cosine 
from  the  tables,  however,  two  angles  will  always  be  found 
equidistant  from  the  east  or  west  point  if  the  sine,  and  equi- 
distant from  either  the  north  or  south  point  if  the  cosine, 
either  of  which  may  be  chosen.  In  such  case  bath  sine  a$id 
cosine  must  be  found,  when  the  signs  alone  of  these  two  func- 
tions will  determine  the  quadrant  in  which  the  bearing  is  found. 
Hence,  if  tlie  single  unknown  is  a  bearin^^ ;  batA  of  the  equa- 
tions (3)  must  be  used  in  order  to  determine  which  of  the  two 
bearings  given  by  the  table  is  the  correct  one,  but  one  aiotu  is 
sufficient  to  obtain  the  numerical  value  of  the  bearing.  Thus, 
if  the  sine  equation  is  used  to  compute  the  bearing,  then  the 
latitude  may  be  taken  out  for  the  given  length  and  bearing; 
and  these  will  then  not  balance,  but  will  have  to  be  balanced 
in  the  usual  way^  while  the  departures  will,  of  course,  balance, 
since  the  residual  departure  D  necessary  to  close  the  survey  as 
to  departures  was  used  to  compute  the  corresponding  bearing. 
The  reverse  of  this  would  be  true  if  the  cosine  equation  were 
used  to  compute  the  bearing. 


I 
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PLOTTING  THE  FIELD-NOTES, 

187,  To  plot  a  Compass  Survey  select  a  point  for  th 

initial  station,  and  pass  a  meridian  througli  it  in  pencil.  B; 
means  of  a  semicircular  protractor,  such  as  is  shown  in  Fig,i 
44,  mark  the  bearing  and  draw  an  indefinite  line  from  the  sta* 
tion  point.  On  this  line  lay  off  to  scale  the  length  of  the 
course,  thus  establishing  the  next  corner.  Through  this  draw 
another  pencil  meridian,  and  proceed  as  before*  If  the  plot- 
ting  is  perfect  the  length  of  the  line  joining  the  final  with  the 
initial  point,  taken  to  scale,  is  the  error  of  closure  of  the  sur- 
vey; and  the  horizontal  and  vertical  components  of  this  line, 
taken  to  scale,  should  be  the  errors  in  departure  and  latitude 
respectively  as  obtained  by  the  computation. 

If  preferred,  the  bearings  of  the  successive  courses  maybe 
so  combined  as  to  give  the  deflection^angle  at  each  station,  and 
these  laid  off  from  the  preceding  course  as  already  drawn. 
Errors  are  more  likely  to  accumulate  in  the  plot  by  thts 
method,  however,  than  by  that  first  given. 

Again,  the  rectangular  coordinates  of  the  several  corners 
maybe  computed  and  these  plotted  from  a  pair  of  rectangular 
axes,  but  this  is  not  a  common  practice. 

For  the  plotting  of  transit  surveys,  especially  where  the 
stadia  is  used,  see  Chapter  VIIL 

THE  AREAS  OF  FIGURES  BOUNDED  BY  CUR\'^D  OR  IRREGULAR 

LINES. 

188.  The  Method  by  Offsets  at  Irregular  Intervals. 

— Where  a  tract  of  land  is  bounded  by  a  body  of  water,  as  a 
stream  or  lake,  it  is  customary  to  run  straight  lines  as  near  the 
boundary  as  practicable  and  then  to  take  rectangular  offsets 
at  selected  intervals  from  these  bordenng^lines  to  the  irregular 
boundary.    These  small  areas  are  then  computed  as  trapezoids, 


i 


LAND  SUMP'MVING. 


2i: 


distance  along  the  base-line  being  the  altitude  and  the  half- 
of  the  adjacent  offsets  being  the  mean  width.  The  offsets 
lid  therefore  be  run  at  such  intervals  as  to  make  this 
hod  of  computation  sufficiently  accurate*  Such  offsets 
»  taken  from  the  course  GH  \n  Fig,  54,  the  notes  for  which 
given  on  p>  191* 

The  work  of  computation  may  be  shortened  by  using  a 
Itfied  form  of  the  method 
reas  from  the  rectangular 
rdi nates  of  the  corners, 
eh,  in  this  case,  are  the  ends 
the  offset  lines.  Let  Fig, 
>e  an  area  to  be  determined 
the  offsets  from  the  hue 


QJU  &.^ 


Ftc.  59. 


V 

I  The  position  and  lengh  of  the  offsets  are  given.  Take 
origin  at  A  and  let  the  distances  along  *4/r  be  the  abscissse, 
I  the  lengths  of  the  offsets  be  the  ordinates.  Using  the 
oad  of  equations  (3),  p.  210,  we  have 


\ 


=  *i  bfaiy*  —a)  +  ^6  (^a  -  J'c)  +  '^{y» —yd) 

^,  ■i-x/{yc-yg)  +  xAy/  -y^) 

^^  +  -ffc  (yg  -  yk)  +  ft  {jf^  -  j«)].  ( 0 

t  here  *■«.  *"j.  j'^,  and  yn  are  all  zero ;  also  aj^  =  ,r».  hence 
s  e(iuation  becomes 

ri  \xc  (a  -  y^}  -f-Xd(y,-  y.)  +  j^,  (y^  -y/) 
+Xf{yc-y9)-\-^9iy/~yh)+My9+yh)]'{2) 

From  eq.  (2)  we  have  the 


'The  plus  sign  is  here  used,  since  we  have  gone  around  the  figure  inftdiiec> 
n  opposite  to  that  foliowed  in  the  general  case 
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RULE  FOR   FINDING   AREAS    FROM   RECTANGULAR  OFFSETS  J 
IRREGULAR  INTERVALS- 

Multiply  the  distance  along  the  course  of  each  intermediA 
offset  from  the  first  by  the  difference  between  ike  two  adjacA 
offsets^  always  subtracting  the  f&U&wing  from  the  precedi^ 
Also  multiply  the  distance  of  the  last  offset  from  the  first  by  A 
sum  of  the  last  t%vo  offsets.  Divide  the  sum  of  these  products  \ 
two. 

The  following  is  the  numerical  reduction  for  finding 
area  of  the  irreguiar  tract  shown  in  Fig.  59. 


OftatL 

from  A. 

Length  of 
Offict. 

Difference*. 

Products. 

ch. 

ch. 

ch 

..:j.  Ch. 

B 

C3.QO 

1-53 

C 

t.2l 

1.76 

-  0'47 

-  O'S? 

D 

2^23 

2.00 

—  0.56 

-    I.2S 

E 

3^S6 

2.33 

+     -09 

+      >32 

F 

5.04 

i.gi 

+    ^a? 

+  4-33 

G 

5-75 

1.4s 

+     -91 

+  5/23 

H 

7.00 

1.00 

+  2.4s 

+'7  rs 

2 ) 25*26 


Area  ^  13,63  sq.  chs,  [ 
=£    1,963  acres. 

It  is  evident  that  an  area  bounded  on  all  sides  by  irregu!^ 
or  curved  lines  could  have  a  base-line  run  through  it,  and  4 
sets  taken  from  this  line  to  both  boundaries  and  the  area  cofl 
puted   by  this   method*     Example    10,  p,  235,  should  be 
computed.  \ 

189.  The  Method  by  Offsets  at  Regular  Intervals.-^ 
the  intervals  between  the  offsets*  or  ordinates,  are  all  equal  t 
computation  is  much  simplified.  On  the  assumption  that  t 
area  is  a  series  of  trapezoids,  we  have  the 
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FOR   FINDING  THE  AREA  FROM  RECTANGULAR  OFFSETS 
AT  REGULAR  INTERVALS. 


Add  together  ail  tiie  intermediate  offsets  and  one  half  the  end 
^sets,  and  multiply  the  sum  by  ike  constant  interval  between 
kern. 

Tht;  following  rules  for  finding  areas  are  found  from  the  sue- 
esslve  orders  of  differences  in  each  case  and  may  all  be  derived 
>y  a  rigid  development,"*  They  assume  that  the  bounding-line 
s  curved  and  that  rectangular  ordinates  have  been  measured 
It  uniform  intervals  from  a  base-line  traversing  the  figure. 

Let  the  common  mtervat  between  ordinates  be  d\  let  the 
lengths  of  the  ordinates  be  h^,  ^t^  K  '  *  *  *  ^nl  ^^^  let  the 
fluraber  of  intervals  be  N. 


I,  iV  =  i»    -4  =  -  (Ao  +  k),  Trapezoidal  Rule. 

2 


IL  JV  =  2,    A  ^  -  (Aj  -f-  4A,  4-^i)j  Simpson's  \  Rule. 


in.  JV  =  3,    ^  =  ^(A,+  3*.  +  3*.  +  A,).  Simpson's  |  Rule. 


II 


iV=4.    ^  =  ^[7(A,  +  A*)  +  32(*.  +  *.)+i2*,]. 


V.  A^  =  6,    A  =  ||[A.  +  A,  +  A,+  A.+  s(A,+  A,+  A.)+A.]. 

This  is  called  Weddefs  Rule,     If  a  quadrant  be  computed  by 

I  this  rule,  the  result  is  O./zgr'  instead  of  0,785^',  the  true  value. 

When  an  area,  bounded  by  a  base  line  and  two  end  ordi- 


'Sce  appendix  C, 
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lates,  be  divided  by  imaginary  lines  parallel   to  the  end  or4 
lates  and  equally  spaced,  as  in  Fig.  60,  and  if  the  middle  ordi- 


lates  of  these  partial  areas  be  measuredj  then  if  d  =  comfn<5>n 
lith  of  the  partial  areas  and  A,,  A,,  A,,  etc.,  their  middle  ofdi- 
lates,  a  the  first  end  ordinate  and  b  the  last  one,  we  \m% 
approximately, 


L  -4  =  d^L 
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THE   SUBDIVISION  OF   LAND. 

190,  The  Problems  arising  in  the  subdivision  of  land  are 
f  almost  infinite  variety.  All  such  problems  are  solved  by  the 
pplication  of  the  fundamental  principles  and  relations  of 
eometry  and  trigonometry  with  which  the  student  is  supposed 
o  be  familiar  There  are,  however,  two  classes  of  problems  of 
uch  frequent  application  that  they  will  be  given  in  detaiL 

191.  To  cut  off  from  a  Given  Tract  of  Land  a  Given 
Vrea  by  a  Right  Line,  starting  from  a  Given  Point  in  the 
Soundary. — In  Fig.  55,  p.  193,  let  O  be  the  middle  point  on 
he  line  AB,  from  which  a  line  is  to  be  run  in  such  a  manner 
L5  to  cut  off  three  acres  from  the  western  portion  of  the  tract. 
IVe  may  at  once  assume  that  the  dividing-line  will  cut  the  side 
DC  in  some  point  JT,  whose  distance  from  D  is  to  be  found. 
First  compute  the  area  OAED,  using  the  balanced  latitudes 
and  departures  given  on  p<  199,  we  have  the  following; 


Counc. 

hi^ 

Dep. 

D.  M.  D. 

Doable  Ai%a«, 

+ 

- 

AO 

'     OD 

D£ 

EA 

-  1.26 

C+  8^07) 
"  3.49 
-  4-3* 

+  3^30 
(+3-10) 

-  3^92 

-  2.48 

3^3^ 
g.70 

8. as 

2,48 

4.16 

78.38 

22.11 
10,71 

h 

e  S.07) 

(-  310) 

Sams 

Area 

+  78,aS 

-30.93 

31)4^^30 

=  20*65  ^q-  < 
=  2.065  «*^f 

j6.9a 

I^Hcre  the  latitude  and  departure  of  the  course  OD  are  such 
tio  make  the  latitudes  and  departures  balance*  The  area  is 
»5 
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found  to  be  2.065  acres,  leaving  O-935  acres  to  be  laid  off  from  j 
OD  by  the  line  OX.     It  remains  now  to  find  the  point  X 

First  compote  the  length  and  bearing  of  the  line  OD  from  I 
Case  L,  p.  213, 

Thus  we  have 


Whence  B^  21°  from  the  table  of  natural  tangents- 
the  table  of  natural  sines,  we  find  sin  21^  =  0,358* 
Hence  from  eq,  (3),  p,  213,  we  have 


From ' 


/sin  6  =  D,        or        o.358/  =  3.ia 


Whence 


/  =  8.66  chains. 


¥ 


The  bearing  Is  evidently  N,  21°  E. 

We  now  have  to  find  the  distance  i?Jrsuch  that  the  area 
ODX  shall  be  9.35  sq.  chains.  Since  the  area  of  any  triangle 
is  one  half  the  product  of  two  sides  into  the  sine  of  the  in- 
cluded angle  (another  way  of  saying  it  is  equal  to  half  the  basfi 
into  the  altitude),  we  have 


9  35  =  i(8.66  X  DX)  sin  ODX. 


{0 


% 


From  the  bearings  of  OD  and  DX  wc  find  the  angle  ODX 
to  be  60*^  30',  hence  sin  ODX  —  0*870,  from  which  we  find 

DX  —  248  chains. 

The  length  and  bearing  of  the  line  OX  may  be  computet! 
from  it^  latitude  and  departure,  the  same  as  was  done  for  llie 
line  OD  above,  or  we  may  compute  the  angle  DOX  and  length 
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pX  by  solving  the  triangle  DOX.  The  bearing  of  OX  may 
|hen  be  found,  and  the  line  run  from  O.  There  will  then  be 
^\vo  checks  on  the  work,  viz. :  the  measured  lengths  of  &Jf  and 
'Jf  must  be  equal  to  their  computed  values. 

To  find  the  angle  DOX,  let  the  three  angles  of  the  triangle 
be  /?,  <?.  and  X  and  the  sides  opposite  these  angles  be  rf,  0. 
and  jr,  respectively*     Then  we  have 

tan  \{X-0)^  ^^^  tan  i  {X-i-  0. 

This  equation  gives  the  angle  {X  —  0),  whence 
0^i{X^O)-l  {X^  O),  and  X  =  ^  {X  ^  O) -t  ^  i^-  0} 

sin  B 


AlsOf 


and 


d^ox=  on 


a^DX^OD 


sin  Jf' 

sin  0 
sin  X' 


Wc  therefore  have  the  following 

RULE   FOR   CUTTING  OFF  A  GIVEN   AREA    BY   A   LINE    START 
ING  FROM   A  GIVEN   POINT  IN  THE   BOUNDARY 

Having  first  surveyed  the  tract  and  plotted  the  same*  join 
the  given  point  on  the  plot  with  the  corner  which  will  give  the 
nearest  approximation  to  the  desired  area.  Compute  the 
length  and  bearing  of  this  line,  and  of  the  area  thus  cut  off, 
Subtract  this  area  from  the  desired  area,  and  the  remainder  is 
the  area  to  be  cut  oflF  in  the  form  of  a  trfangle,  one  side  of 
which  has  bearing  and  distance  given,  and  another  side  has  its 
bearing  alone  given.  From  these  data  compute  the  lengths  and 
bearings  of  the  other  sides,  one  of  which  is  the  line  sought. 
This  line  may  then  be  run,  and  its  length  measured,  as  well  as 
the  length  of  the  portion  of  the  opposite  boundary  cut  off,  for 
a  check  on  the  accuracy  of  the  work, 

192.  To  cut  off  from  a  Given  Tract  of  Land  a  Given 
Area   by  a   Right   Line  running  in   a   Given   Direction 
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^Let  the  problem  be  to  cut  off  30  acres  from  the  norther 
portion  of  the  tract  shown  in  ¥\g,  57,  p»  205 »  by  a  line  whos 
bearing  is  N-  80°  E.,  or  whose  azimuth  is  260^.* 

Pass  a  line  parallel  to  the  required  fine  through  the  corner' 
nearest  to  the  probable  position  of  the  desired  line.     Let  MS, 
Fig,  57,  be  such  a  line.     Compute  the  lengths  of  the  lines  EM\ 
and  MB  by  Case  IV,,  p.  214. 

From  the  computation,  p»  206,  we  have  the  following : 


I 


Ccnina 

All  oiu  lb. 

Len^iha. 

B,n  lanced 

Departures. 

D.M.D/S 

Double  Ami, 

BC 
CD 
DE 

EM 
MB 

205^39' 

112    12 

55   00 

0  04 
a6o  00 

1004  ft. 

S96 
913 

+  906  ft. 

+  339 
-    522 

+  43^  ft. 

-  S34 

-  750 

2738 

2336 

753 

I 
1 153 

+  2,480.628 

+     79J.8<M 
-      391.544 1 

92« 
+     a34.<^g 

(926) 
(1170 

-9=6 

+II53 

(+  7^3)      (-1152) 


2  )  3,113,011 


Tfaereforc  to  close  requires  L  ^  —  723  and  Z?  =  +  ^^5^*    Area  ^  i,ss^,Sto 

=  35-73  •c"^ 
From  equation  (10),  p,  215,  we  have 


£iV/  = 


/?  cos  260"  —  L  sin  260° 


sin  259"^  56' 


(+  1 152)  (+  -r736)  -  (-  723)  (+  .9848) 
+  .9846 


200  +  712 
,9846 


=  926  ft 


*  In  this  problem  ic  would  have  shortened  the  operation  somewhat  if  the 
meridian  of  the  survey  had  been  taken  parallel  to  the  dividing- iineK     The  bear*  I 
ings  eouid  bave  all  been  changed  to  give  angles  from  thi$  nieridian,  and  ongiojlij 
compuutioii  made  from  these  new  bearings. 
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i^hcnce  from  eq  (9),  we  have 
D  -  EMsm£^ 


sin  zuu 

-L  f  I  C^  —  (rkOf^K  ( r)oi  l) 

^=  II7I  ft 


+  .9848. 

Inserting  these  values  of  the  lengths  of  the  courses  EM 
and  MB  J  we  can  compute  the  area  BCDEM,  This  is  found  to 
be  35.73  acres,  or  5.73  acres  too  much.  The  problem  now  is 
to  pass  a  line  north  of  MB  and  parallel  to  it,  so  that  the  area 
included  between  the  parallel  lines  and  the  intercepted  por- 
tions of  EFdiXiA  BC  shall  be  5.73  acres,  or  249,710  sq.  ft.  Let 
00  be  such  a  line.  This  line  can  be  run  when  either  MO  or 
BO  is  known.  It  is  best,  however,  to  compute  both  these 
distances,  using  one  for  a  check.     To  find  these  distances, 

Let  X  =  perpendicular  distance  between  the  parallel  lines 
i/B  and  00\ 

Let  angle  EMB  =  EOO'  =  9, 

and  angle  00' B  =  0. 

Then  we  have 

Area  MOO'B  =  llB .  ;r  -  ^jr*  cot  5  +  i;r'  cot  ^ 

=  ;^ff.  j:  +  i;i:'(cot  0-cot#>.    ,     (X) 

Since  dand  0  are  known  angles,  their  cotajpeidt ag  grivyi 

quantities  in  any  case.     So,  for  simplicity,  let 

(cot  0— cot  0)=Ki 
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**+ ^■^  = 


*-~  K^\J  K'^IP 


D       I     , ^ 


4lso,  let  the  distance  MB  =  D, 

and  area  MOO'B  =  A. 

Then  the  equation  becomes 


« 


=  jf  (±  i'2AK+  Ef  -  D). 


(3) 


That  sign  of  the  radical  is  to  be  used  which  will  give  a 

positive  value  to  x.  The  other  sign  would  give  the  value  of 
X  to  be  used  in  laying  off  the  given  area  on  the  opposite  side 
of  MB,  provided  the  sides  Oj^/ and  O'B  were  continuous  in 
that  direction. 

Using  equation  (3)  for  the  problem  in  hand,  we  have 

0=54°  21'; 

A  =  249,710  sq.  ft.; 

D=  1171  ft.; 

K=  0.7172 -0.177s  =05397; 
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rhencc     x  = -~^y  (±  ♦^269,53;  +  1.371,241  -  117O 


k 


=  203,6  feet. 
We  can  now  find  MO  and  BO'  from 


MO  = 


and        Ba  = 


^P       ""^^      sin  ^        """        "^       sin0* 

irhence      MO  =  206,8  feet,      and      BO'  =  250.6  feet. 

The  length  of  the  Une  OO'  is 
^  <9C?  =  il/-ff  +  jr  (cot  0  —  cot  ^, 

^We  may  therefore  write  the  followmg 


rule  foe  cutting  off  a  given  area  by  a  line  passing 
|k  in  a  given  direction. 

Having  first  surveyed  the  tract  and  plotted  the  same^  pass 

a  line  on  the  plot  in  the  required  direction  through  the  corner 

which  will  give  the  nearest  approximation  to  the  desired  area. 

Compute  the  lengths  of  the  two  unknown  courses  bounding 

this  area,  and  then  the  area  itself.     Subtract  this  from  the 

given  area^  and  the  remainder  is  the  area  which  is  to  be  cut  off 

by  a  line  parallel  to  the  first  trial  line.     This  auxiliary  area  will 

always  be  a  trapezoid,  whose  area,  the  length  and  bearing  of 

.one of  the  parallel  sides,  and  the  bearings  of  the  remaining 

I  sides  are  known.    The  lengths  of  these  sides  may  then  be 

computed,  one  of  the  end  lengths  laid  off,  and  the  dividing 

line  run*    Measure  the  length  of  this  line  and  also  of  the  other 

€nd  line  lor  checks. 
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PRINCIPLES   AND   LAWS   BEARING   ON   THE   RESURVEY  OF      1 

PRIVATE    LANDS* 

193.  The  Problem  Stated,— In  all  resurveys  of  prhatc 
lands,  whether  for  running  boundaries^  computing  areas,  or  for  '\ 
parting  off  or  dividing  [and,  it  is  first  necessary  to  examine  the  I 
description  of  the  tract  as  given  in  the  deed  of  conveyance,  1 
and  then  to  identify  such  marks,  corners,  boundaries,  and  monu- 
nients  on  the  ground  as  have  been  used  in  the  description. 
The  identification  of  these  monuments  often  taxes  the  experU 
ness  and  skill  of  the  surveyor  to  tlie  utmost,  and  it  ishereiliai 
the  greatest  experience  and  judgment  are  required.  The  orig- 
inal monuments,  if  there  were  any  placed,  may  have  been  entirely 
lost,  and  they  may  or  may  not  have  been  replaced  by  others. 
If  they  have  been,  ft  remains  to  be  determined  how  reliable 
these  secondary  monuments  arc.  In  the  absence  of  monu- 
ments specially  set  other  natural  or  artificial  features  may  have 
been  used  in  the  description  or  have  by  use  acquired  the  force 
and  authority  of  monuments-  There  may  also  be  gross  discrep- 
ancies between  the  position  of  the  monuments  and  the  de- 
scription or  area  named  in  the  deed.  There  may  also  be  a 
controversy  between  the  parties  in  interest  as  to  the  real  boun- 
daries which  the  surveyor  may  be  wholly  unable  to  decide. 
This  much,  however,  is  certain,  that  any  location  of  a  comer 
or  line  by  course  and  distance  is  likely  to  be  very  uncertain 
and  unsatisfactory,  especially  where  the  needle-compass  wa? 
used  in  the  original  survey,  and  that  every  effort  should  be 
made  to  find  some  trace  of  the  original  monuments,  if  any  were 
set,  or  to  decide  from  all  the  evidence  available,  both  material 
and  persona],  what  the  real  boundaries  are. 

The  surveyor  has  no  Judicial  authority  to  fix  or  establisl? 

*The  rules  laid  dowi^  ht.Tt  iire  mostly  derive*!  froni  Slate  Suprem«  Court  dcci*« 
ions  in  cases  whkh  arose  over  boundaric*;  established  by  the  compa^  smi  chain^aod 
hence  do  not  apply  so  well  to  city  and  town  surveys  made  with  greater  ei£actoe3> 
See  also  Appendix  G  Itnd  L 
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anything.*  He  is  simply  an  expert  witness  called  in  to  assist 
by  his  knowledge  and  experience,  and  with  the  aid  of  his  sur- 
veying instruments,  to  find  the  true  lines  and  boundaries.  His 
acts  are  at  all  times  subject  to  review  in  the  courts,  and  heshould 
try  and  subject  his  decisions  to  the  same  rules  and  precedents 
which  are  likely  to  govern  the  court.  He  may  thus  save  him* 
self  from  much  embarrassment  and  his  client  from  unnecessary 
expense. 

Where  a  surveyor  makes  gross  blunders  in  his  work,  show, 
ing  incompetency^  he  is  often  held  for  any  damages  which  may 
results  In  many  cities  licensed  surveyors  are  under  a  heavy 
bond  and  are  held  liable  for  any  erroneous  locations  they  may 
make. 

Surveyors  records  and  plats  should  always  be  complete  and 
definite,  otherwise  they  cannot  be  admitted  as  evidence* 

The  following  propositions  are  based  on  judicial  decisions 
which  are  thought  to  have  all  the  force  and  authority  of  law, 
in  the  absence  of  special  statutes  governing  the  case  : 

194.  Tbe  Interpretation  of  Descriptions  in  Deeds  and  the  Identifier* 
tion  of  Boundaries. — Gttifral  J\uUs^—i^  If  the  description  is  inconsistent, 
iixsuf6cietit,  doubtful,  or  capable  of  two  or  more  con  si  ructions,  the  purchaser  is  td 
be  given  the  reasonable  benefit  of  such  defects*  That  Is  to  wy,  the  gnLntoi-  U 
required  to  convey  the  land  under  the  most  favorable  legitimate  construction 
which  may  be  put  upon  the  descn|ition  the  grantor  has  used  to  descritx;  it* 

Bui  if  the  intention  is  evident  on  the  face  of  the  in  strum  cntt  or  if  the  parties  b| 
llielr  acts  have  shown  a  mutual  agreement  or  acquiescence  in  a  certain  iuterpreta 
tioo  of  the  description,  this  meaning  will  hold  and  bind  the  parties, 

a.  Where  any  inconsistency  in  the  description  arises  from  a  false  or  impossible 
Statement,  and  by  rejecting  such  evident  etror  ihe  remaining  description  becomes 
coniisteQt  and  jiossibie,  then  such  part  should  be  rejected  and  the  deed  allowed  to 
vtand^ 

Also«  when  purls  of  the  description  arc  certain  and  others  uncertain,  if  the 
inconsistency  can  be  removed  by  rejectinjf  one  or  more  of  the  uncertain  portions, 
thi^  may  be  done, 

*  See  the  valuable  paper,  by  Chief -Justice  Cooley,  on  "  The  judicial  Functions  oi 
Surveyor^/*  read  before  the  Michigan  Association  of  Engineers  and  SurveyoiSi  and 
printed  in  full  in  Appendix  A^     See  also  Appendist  G  and  J* 
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Again,  an  entire  side  which  has  evidently  been  omitted  fiom  the  de^cnptkt 
may  be  supplied  if  the  monuments  and  area  may  thereby  be  made  to  agree  with  thf 
description.  If  possible,  however^  every  call  in  tbe  description  should  be  SiatL&bcd 
by  the  surveyor  in  locating  ibe  property* 

3.  All  descriptions  in  deeds  must  be  construed  in  the  light  of  what  was  knovi 
to  and  in  the  minds  of  the  parties  at  the  time  the  description  wiii  first  written,  um! 
with  reference  to  such  plats,  fact^t  ^i^d  monuments  as  then  etitisted. 

4.  The  law  presumes  the  deetl  was  drawn  with  an  honest  intent  to  comrey  the 
pro[>erty.  The  description  must*  therefore,  be  construed*  if  possible,  in  suet  1 
way  as  to  make  it  effectual  rather  than  void. 

5.  If  the  line !»  are  ^xed  by  monuments*  and  these  can  be  ekarly  identi^ed,  and 
are  used  in  the  descripiionj  such  lines  are  the  trae  boundaries,  and  are  to  be  deter- 
mined by  a  resurvey,  even  though  they  differ  from  the  plat,  or  from  the  description 
given  in  the  deed.  Any  coo  elusive  evidence  of  the  original  location  of  these  lines 
and  monuments  wiU»  therefore,  overrule  all  surveys  or  other  forms  of  evidence  of 
where  they  sh^jidd  have  been.     If  the  boundaries  were  not  marked  at  the  lime  the 

tat  was  made,  then  the  description  is  to  govern^  subject  to  the  rul^  on  e^cea 
and  deficiency  given  below, 

6*  Where  land  is  simultaneously  subdivided  into  numerous  trafrtSi  as  in  tbe  case 
of  the  United  States  land  surveys  and  in  the  case  of  town  plats,  all  the  mirkj, 
lineS}  and  monuments  set  in  the  original  survey  for  subdivision  serve  as  marks, 
lines,  and  monuments  for  every  tract  or  lot  in  the  original  survey  and  arc  some 
evidence  of  the  location  of  each  tract  or  lot*  In  the  absence  of  monuments  mcrk- 
ing  the  location  of  a  particular  tract  or  lot  other  monuments  of  the  same  orifiiul 
survey  may  l>e  used,  but  monuments  placed  in  precedinjf  or  sul>sequent  surveys,  or  in 
surveys  of  adjoining  territory  not  a  part  of  the  given  subdivisicin,  cannot  be  so  used. 

7*  In  the  absence  of  monuments  which  can  be  identified^  rmtclusive  evidence 
of  the  original  position  of  such  monuments*  or  of  the  lines  themselves^  may  «i 
aside  the  courses  and  distances  called  for  in  the  deed.  In  shorty  boundaries  nmi 
be  proved  on  such  testimony  and  evidence  as  may  be  adtluced  to  establish  any  other 
fact*  l*He  surveyor  should,  however,  give  great  weight  lo  the  courses  and  distiuces 
called  for,  as  a  part  of  such  material  evidence. 

8.  Where  streets  have  been  opened  and  used  for  a  long  period  and  the  line* 
marked  by  fences  or  other  material  boundary*  and  these  lines  have  been  acquiesced  ta 
without  protest*  such  marks  obtain  the  force  and  authority  of  monuments  and  sbould 
not  be  disturbed  because  of  any  disagreement  with  the  original  plat  and  descrtption. 

9.  All  monuments  establiiihed  ixx  United  Stales  land  surveys  are  presumed  to 
be  equally  well  placed  and  have  equal  authority  or  weight  in  determining  boan- 
daries.  Thus  a  quarter  section  corner  has  the  same  weight  as  a  township  or  scctiofl 
corner,  even  in  tixing  a  township  line*  AUo,  section  corners  set  on  lines  ciosinf 
on  the  north  and  west  side^  of  townships,  though  not  lying  on  the  original  lowm* 
ship  lines,  should  govern  the  location* 


♦  See  also  Art.  304.  Chap.  XII.,  on  City  Surveying. 
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10,  In  the  United  States  land  surveys  the  several  sized  tracts  are  section,  quartcr- 
sectlan,  half -quarter  section,  and  quarter-quarter  section.  These  are  presumed  to  con- 
min  640,  160.  So,  and  40  acres  respectively,  and  the  Government  sold  them  as  contain- 
laf^  these  amounts-*  The  manner  ot  subdividing  a  section  is  defined  by  law  (see  p* 
l83Xatid  hence  any  actual  subdivision  of  section  into  quarters  and  a  quarter-sect  ton 
into  halves  and  quarters  again  is  always  subject  to  revision  and  correction  until  the 
law  iij  satis  tied  ^  except  that  the  quarter-section  corners,  planted  on  the  section  lines 
by  the  United  Stales  Deputy  Surveyors,  cannot  be  changed*  Other  subdivisions 
than  those  here  named  arc  not  subject  to  any  law  as  to  the  methods  to  be  pursued* 

11,  In  order  that  monuments  may  control  when  inconsistent  with  the  coursses 
and  distances  used  in  the  dcscnptiynj  they  must  be  mentioned  tn  the  deed*  If  not 
so  mentioned »  or  if 'mentioned  but  not  capable  of  identification,  then  the  courses 
and  distances  govern. 

Particular  Cases. — i.  Where  land  is  described  as  bein^  *'  owned  and  occu- 
pied/ the  actual  line  of  occupation  is  a  material  call  of  the  deed. 

a.  Where  a  boundary  line  is  defined  by  distance  and  terminus  at  a  known  point 
or  line,  Lhif*  known  terminus  fines  the  length  of  the  line.  If  the  position  of  the 
terminus  is  uncertain  the  distance  governs. 

3-  Acquiescence  in  a  given  boundary  erroneotisly  placed  does  not  alone  fix  the 
bonindary  if  the  issue  has  not  arisen,  and  if  the  fact  of  such  error  has  not  come  to 
the  attention  of  the  parties. 

4.  A  course  described  as  running  from  point  A  to  point  fi  is  pre.'iQmably  a  straight 
linc»  but  if  not  ^n  stated  it  may  be  construed  as  a  crooked  or  curved  line  if  it  is 
tinderstood  to  follow  some  natural  feature  of  the  landscape. 

5*  The  terms  *' southerly,"  "westerly,"  etc^  are  to  be  construed  as  meaning 
dtie  south,  due  west,  etc..  If  there  is  nothing  to  indicate  the  contrary.  Also  where 
terms  of  approximation  are  used,  such  as  '*  about,*'  *'  as  near  as  may  be,"  and  the 
like,  if  the  exact  figures  given  fit  the  case  and  satisfy  the  description  as  well  as  any 
other,  the  interpretation  is  limited  to  the  figures  stated. 

6.  Where  the  described  boundaries  arc  complete  and  consistent,  but  inconsis- 
leal  with  the  staled  area,  the  boundaries  hold  as  against  the  area*  If  the  bounda- 
ries are  doubtful  the  area  may  control. 

7.  Where  the  call  is  simply  for  a  given  area  without  dimensions  it  must  be 
talien  in  the  form  of  a  square  if  such  a  rendering  is  not  excluded  by  some  other 
cnfidition.  If  one  side  of  the  tract  is  given  in  line  and  distatice  it  must  be  laid  out 
asa  ntctangle  upon  such  side. 

8.  In  case  of  an  accompanying  plat  showing  monuments,  courses,  and  distances, 
which  plat  is  referred  to  in  the  deed,  buV  the  description  not  rejieated  in  the  text, 
the  description  will  hold, 

•  Whenever  these  legal  subdivisions  are  mentioned  ^s  suck  in  deeds  of  convey- 
lucc.  as  *'  the  S.  E,  40  acres  of  the  N.  E.  quarter  of  section  10/'  etc.,  nothing 
wxt  is  intended  than  simply  "  the  S.  E*  quarter  of  the  N.  E.  quarter  of  seciion_ 
10.*'  etc.,  and  the  conveyor  cannot  be  held  for  the  full  area  named 
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9,  Land  lKJf<3eriiig  on  a  public  hifjhway  usually  takes  to  ihe  denter  d 
highway,  unleiss  -xpressly  stated  to  the  contrary.  This  does  not  Apply  to  city 
town  lois  where  the  sireets  have  been  reserved  in  the  original  plat< 

to.  All  surveys  and  dcacriptioos  should  close  when  platted »  atid  the  Sfurveyorti 
UKualty  at  liberty  to  use  his  judgment  in  correcting  either  toursc,  or  distaoee.  or 
bothj  where  no  monuments  are  identified  with  suflicient  certainty  to  give  ihea 
authority.  Where  monuments  remain  they  control  the  boundaries  so  far  as  rbef 
go.  in  which  caise  the  description  is  not  obliged  to  close,  or  if  it  ii  made  to  close 
the  point*,  nmrked  by  monuments  must  not  be  disturbed. 

In  clodng  A  sunTy  or  description,  there  being  no  other  guide,  that  method  will 
be  used  which  uvill  convey  ihe  greater  quantity  of  land  in  accordance  with  llie  prm* 
ciple  that  the  description  is  to  be  construed  in  favor  of  the  phrchaser. 

11.  Where  ihe  bearings  of  all  the  courses  are  given  and  one  cour^  can  U 
identified  with  certainty,  the  decb nation  (or  * '  voriation '')  of  the  needle  «s^  il 
the  original  survey  should  be  found  by  setting  up  on  this  course  and  the  dedim^ 
lion  thu^  found  used  for  all  the  courses. 

12,  When  a  course  is  defined  ns  starting  at  a  given  point  on  a  navigable  stretii 
or  travelled  highway  and  running  a  certain  distance  lo  another  poirn  on  said  stFcao 
or  highway,  the  distance  is  to  be  measured  along  the  line  of  the  bank  of  tfic  stn^aiii. 
or  ailing  the  highway,  and  not  in  a  straight  litie,  unlesfi  it  is  specifically  so  sutcd. 
If  the  stream  is  not  navigable  and  the  ]) resumption  is  against  it  being  a  boundart, 
the  distance  is  to  be  measured  in  a  straight  Htie* 

But  where  a  tmrt  0/  hind  is,  described  as  bordering  on  or  fronting  a  certain dii- 
tance  on  a  ^tream^  in  ihe  absence  of  other  controlling  facts  such  distance  must  be 
measured  in  a  straight  line  between  the  extremities  of  the  opposite  boundarifs. 

195.  Water  Boundaries  and  Meandered  Lines,— 1.  Meandered  lifia 
on  the  United  States  land  surveys  were  run  for  the  purpose  of  oultining  lakes  ml 
rivers,  and  are  in  no  sense  boundary  lines.  They  served  for  compuringlhearrJSR^ 
the  fractional  quarter-sections  which  were  used  in  the  first  sales  by  the  Govcrnmciit* 
but  the  real  boundary  is  the  center  of  the  stream  if  not  navigable,  and  the  line  of 
ordinary  high  water,  or  line  of  vegetation,  if  navigable.  In  the  case  of  lakes iJnJ 
jHinds  describetl  as  boundary  lines,  the  ownership  is  to  the  water's  edge. 

2*  In  eictending  side  boundaries  beyond  the  meandered  lines  to  the  river-baak 
or  lake*shore,  such  cjttensions  beyond  the  meandered  line;  should  run  ii/  right 4n^i 
U  ike  xhurc.  This  rule  also  applies  to  city  lots  and  to  all  lands  fronting  on  bodies 
of  water.     An  exception  to  the  rule  is  the  fallowing  : 

3,  When  the  waters  of  a  lake  recede  from  drainage  or  any  other  cause,  orwEns 
a  T\y^w  or  creek  shifts  its  courive,  the  accretion  or  **  made  land  *'  belongs  to  th* 
abutting  property  and  should  be  divided  in  proportion  to  the  oHginai  lengtb  ot 
water-frontage.  If  the  land  thus  acquired  is  the  valuable  consideration  then  the 
original  side  boundaries  are  to  be  extended  so  as  to  divide   the  new  an^  >Mm^ 
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the  abutting  tTiacts  in  proportLon  to  their  original  Frontages  ;  but  if  the  length  of  the 
new  front A^e  is  the  desirable  thin^:.  then  the  new  Htu  0/  ff^nt^gt  is  to  be  saved  to 
ihe  ori^pnal  tracts  possessing  ^uch  privileges,  in  due  proportion.  In  either  case  the 
exlension  of  ihe  side  boundaries  will  usually  involve  angles  at  the  meand-^rcd  *ir 
orif  inal  waiter  line  and  these  extensions  will,  in  fieneral^  run  nearly  at  right  angles 
to  the  [}«rw  shore  line. 

4*  A  '*bank  '  of  a  stream  is  the  continuous  line  where  vegetation  ceases,  A 
**  shore  *'  is  the  exposed  ground  below  the  bank  line. 

&,  The  rights  of  ownerBbip  extend  to  the  centre  lines  of  non-navigable  streainii 
and  lakefi,  but  only  riparian  rlghtfi  obtain  in  the  beds  of  navigable  streams  or 
Jakes. 

6.  Where  land  is  specifically  bounded  by  '  ■  the  bank.'*  or  **  along  the  bank  "  of 
a  sfreani  or  lake,  these  words  will  exclude  all  ownership  of  ihe  bed  of  such  stream 
or  lake*  Whether  ihcy  would  exclude  riparian  rights  also  would  depend  on  ihe 
drciimstances  of  the  case  and  on  the  understanding  of  the  parties^ 

In  computing  the  area  of  a  survey  the  lerms  ^'froin,"*'  to."  or  "with"  the 
bftok  of  a  stream  tnc^n  to  low  water  mark. 

7.  In  the  case  of  meandered  river-banks  or  lake-fronib  on  the  United  Slates 
land  surveys,  the  computed  art  as  included  only  up  to  the  meandered  line,  all  out^ 
side  oi  that  belong  to  the  tract  by  a  natural  righr.  Hence  in  any  subsequent  sales 
of  the  tract  the  area  should  only  be  computed  to  the  meandered  line  unless  the  con- 
iNcyance  specifically  calls  for  an  extension  *"  to  "  or  *^  along  "  the  shore  or  bank,  in 
which  case  the  area  would  be  computed  to  low  water  mark,  as  above  stated. 

8.  Similarly,  when  an  area  ib  to  be  laid  off  from  a  tract  bounded  in  part  by  a 
meandered  liuc,  this  area  should  be  computed  only  up  to  the  meandered  line  unless 
otherwise  specifically  si  a  led. 

9>  Islands  in  streams  on  surveyed  by  the  United  Stales  and  unappropriated 
belong  to  the  abuUing  land  on  that  side  of  th^  ^ium  aqua  or  Ihe  central  thread  of 
ihe  lt:rw  water  channel  on  which  the  island  tlself  lies. 

196,  Surplus  and  Deficienc}ri*— I.  Surplus  or  deficiency,  either  of  dis- 
taaccs  or  of  areas,  does  not  invalidate  a  conveyance, 

3.  In  the  case  of  contiguous  tracts  where  no  n^onuments  were  established,  or 
wWre  they  have  been  lost,  the  purchasers  receive  their  full  measure  of  ground,  in 
the  order  of  purchase  from  the  original  owner,  the  last  purchaser  receiving  the 
niTplus  or  losing  the  deficiency. 

In  the  case  of  city  lots,  sold  by  number,  any  surplus  or  deficiency  found  on  the 
gnwitid  should  be  divided  proportionally  among  all  the  lots  affected,  but  a  suit  for 
1  pn6|»0ftionate  pa^l  of  the  surjtlus  would  probably  not  hold,  and  in  case  of  defi- 
dwicy,  if  all  but  th;  last  purchaser  should  take  his  full  portion,  the  last  man  would 
pTobahly  b»vc  to  content  himself  with  the  remainder,  and  pay  for  only  so  much  as 


♦  Sec  also  Art* 
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I,  Compute  the  area,  plot  the  survey,  and  determme  error  of  closure  frt 
following  field-notes  i 


SfAtion. 

Bearia^. 

DiitAiice. 

A 

s.  aW  e. 

30. 00  Cb. 

B 

S.  74*   E. 

30 -95 

C 

N.  33i   E. 

18.  So 

D 

N.  56     W. 

27.60 

E 

W, 

31. S5 

F 

S.  5M  W. 

13.80 

t  Error  of  closure  =j 


This  betng  a  com  pass- survey,  the  errors  in  latitude  and  departure  mil 
distributed  in  proportion  to  the  lengths  of  the  courses,  regardless  of  their 
ings,  or  according  to  Rule  r,  p.  200,  If  the  errors  in  the  bearings  (or  deflt 
angles)  had  been  very  small  as  compared  with  the  errors  in  measuring  Ihi 
tance^t  as  is  Ihc  case  when  the  deflection  angles  are  measured  with  a  tn 
Iben  Rule  3*  p.  aoi,  :$hould  have  been  used. 

3*  Mnd  the  area  and  error  of  closure  from  the  following  field-notes  £ 


Sution. 

BeariDg, 

DisuiQce. 

A 

E. 

130  rod*. 

B 

N,    S'E. 

137 

C 

N.  Si    W. 

1S6 

D 

S. 

54 

E 

S,  36  w. 

las 

F 

S.   45    E. 

89 

G 

N.  40    E. 

70 
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What  would  be  ihe  resulting  differetiec  in  are^  from  the  tlS«  of  Rules  i  and  3  ? 
J.   In    ExiLmpIe    I,  suppose  ihe   lenglh  and  beanng  of   ibe  first  course  were 
Hfiknown-      Let  thes€  be  found  as  in  Case  I. ,  Art*  JB6. 

4.  Suppose  the  length  of  course  A  and  bearing  of  B  are  unknown  in  same 
fex ample.     Compute  by  Case  IL 

5.  Let  the  first  two  bearings  be  unknown.     Compute  I  hem  by  Case  IlL 

6.  Let  Ihc  lengths  of  ihe  tirst  two  courses  be  unknown*     Find  them  by  Caae 

tiv. 

7.  Lei  it  be  required  to  cut  off  twenty-five  acres  from  ihc  west  end  of  the 
tiact  gives  in  Example  i  by  a  line  passing  through  a  point  on  the  cour^  ^C  at  a 
^distance  of  ten  chains  from  B,  Find  the  length  and  ben^ring  of  the  division-lbfl 
and  the  other  interacting  point  on  the  Ijoundary* 

8.  Let  it  be  requiretl  to  divide  the  tract  given  in  Exampk  i  into  three  equal 
portions  by  north  and  south  lines.  Find  the  length  and  points  of  intersection  of 
such  lines  with  the  boundary -tines. 

9.  Caiipute  the  coordinate*  of  the  comers  of  the  tract  given  in  Ejcumpte  i, 

^taken  with  reference  to  a  point   35  chains  directly  south  of  A^  and  then  compute 

the  area  of  the   tract  from   these  coOrdinatLs  by  the  formula  given  in   Example  I. 

Tbis  area  should,   of  course^  be  the  ^ame  as  that  obtained  by  any  other  method 

where  the  same  balanced  latitudes  and  departures  arc  used. 

10.  An  irregular  tract  of  land  has  a  straight  line  run  through  it  and  rectangular 
offsets  taJcen  to  the  boundary*  Find  the  area  of  the  tract  from  the  following 
notes: 


DlatoQce. 

width. 

ch. 

ch. 

0 

a. 35 

10 

8.42 

14 

12. 60 

ao 

I U  38 

35 

to.  75 

3B 

6.15 

30,50 

0*00 

u  il  ftgniBcant  whether  or  not  this  tract  Ives  00  both  stdes  or  wholly  on  one 
•*^<»f  the  baseline? 

^i*  Compute  the  area  of  the  tract  of  v^hich  the  following  are  the  Beld-notes^ 
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Tht  ri:ctaD^kr  offsets  ac^  taken  on  twih  sidei  of  a  sttaight  axiaJ  line,  R  sigiu/j 
mg  right  and  L  left. 


Distance*. 

Side. 

Width  Of 

Leoelh  of 

Distancn. 

Side. 

Wfdib  or 

ch. 

cb.            1 

cb. 

ch. 

0 

R 

4-23 

IS 

R 

15-80 

0 

L 

0.00 

20 

L 

5^00 

5 

R 

7.16 

n 

R 

12.30 

7.50 

L 

3^45 

30 

L 

3,63 

10 

R 

T2.63 

30 

R 

6,48          1 

10 

L 

6*00 

30 

L 

0.00 

13 

R 

10.75 

CHAPTER   VIIL 

^TOPOGRAPHICAL  SURVEVING  BY  THE  TRANSIT  AND 
1  STADIA.* 


197,  A  Topographical  Survey  is  such  a  one  as  gives  not 

m\y  the  geographical  positions  of  points  and  objects  on  the 
urface  of  the  ground*  but  also  furnishes  the  data  from  which 
he  character  of  the  surface  may  be  delineated  with  respect  to 
he  relative  elevations  or  depressions* f 

198,  There  are  three  general  methods  of  making  such  a 
urvey- 

Ftrsi^  with  a  compass  (or  transit)  and  chain,  to  determine 
geographical  position,  and  with  a  level  for  obtaining  relative 
elevations* 

S£€aHd,  %vith  a  plane-table,  cither  with  or  without  stadia- 
tods. 

Third,  with  a  transit  instrument  and  stadia  rods. 

The  first  metliod  is  ver\'  laborious,  slow,  and  expensive.  It 
&  therefore  not  adapted  to  large  areas.  The  second  method 
las  been  more  extensively  used  for  this  purpose  than  any 
►thcr-  The  use  of  the  plane-table  is  fully  described  in  Chap- 
fer  V.  This  method  is  giving  place,  however,  to  the  third, 
ijliich  has  been  in  use  in  America  since  about  1864,  when  it 
fc^as  officially  adopted  on  the  Unitt:d  States  Lake  Survey, 
riie  system  was  first  used  in  Italy  about  182a  In  what  fol- 
iows,  the  third  method  will  alone  be  described, 

•The  word  '*»ta*iia"  is  Italian  and  was  orijfinally  used  to  desi^ate  the 

if*»diised  by  the  tnventfir  of  the  mi'thod.     It  is  now  loo  firmly  established  to 

jbeclianiped.     On  the  U.  S.  Coasi  and  Geodetic  Sur%*ey  the  word    *  telenieter** 

I  is  asid  ifi  plate  of  "  stadia.*'  but  this,  which  very  prnpcfly  means  dtstame-meaM- 

mnr,  lias  been  appropriated  for  other  appliances  tised  for  metssmim^  at  a  dh* 

a$  teniperatttfe.  for  example.     It  would  therefore  seem  that 

!  belter  word  to  use, 

I  See  also  Appendix  G- 
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igg.  The  Principle  of  the  location  of  points  by  the  tr 
and  stadia,  both  horizontally  and  vertically,  is  that  of  pol 
coordinates.     That  is,  the  location  of  the  point  geographic 
is  by  obtaining  its  angular  direction  from  the  nneridian  thr< 
the  instrument,  which  is  read  on  the  limb  of  the  transit.  33 
its  distance  from  the  instrument,  which  is  read  through  li 
telescope  on  the  stadia-rod  which  is  held  at  the  point* 
distance  is  found  by  observing  what  portion  of  the  image 
the  graduated  rod  is  included  between  certain  cross-hairs  inti 
telescope.     The  farther  the  rod  is  from  the  instrument, 
greater  is  the  portion  of  the  rod*s  image  which  falls  betwi 
the  cross-wires. 

For  elevation,  the  vertical  angle  is  read  on  the  vertical  cii 
of  the  transit,  when  the  telescope  is  directed  towards  a  poii 
of  the  stadia*rod  as  far  from  the  ground  as  the  telescope 
above  the  stake  over  which  it  is  seL     The  tangent  of 
angle  of  elevatioHi  or  depression,  into  the  given  horizontal 
tance  is  the  amount  by  which  the  point  is  above  or  below 
instrument  station, 

in  this  way,  both  the  chain  and  levelling-instrument  are  dis- 
pensed with,  and  the  slow  and  laborious  processes  of  chaining 
over  bad  ground,  and  levelling  up  and  down  hill,  are  avoided 
The  horizontal  distances  are  obtained  as  well,  in  general  as 
by  the  chain;  and  the  levelling  may  be  done  within  a  few 
tenths  of  a  foot  to  the  mile  which  is  amply  sufficient  for  topo- 
graphical purposes. 

THEORY  OF  STADIA  MEASUREMENTS,* 

200,  Fundamental  Relations.— In  Fig,  6i  let  LS  be  any 
lens,  or  combination  of  lenses,  used  for  the  object*glass  of  i 

telescope. 

*  For  a  good  description  ot  A  New  Prismatic  Stadia  see  Jour.  Atso,  Bng.  Sat'*, 
ifo!,  xiii.,  p.  43  (Jan..  1894).  One  half  of  ihe  telescope  objective  is  covertd  *i^'n 
a  prism  wbich  causes  two  portions  of  the  rod,  rays  from  which  form  a  fixed  »ngU 
at  the  objective,  to  coincide  in  ihe  Image «  as  in  a  icjitant,  Ihtis  diipen^og  with  tbc 
luc  of  stadia  wirei* 
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A^B^  be  a  portion  of  the  object  (in  this  case  the  stadia. 

id  let  ^1^1  be  its  image.    The  point  of  the  object  ^^3  has 
Ige  formed  at  ^1,  and  so  with  B^  and  Bx* 

/^be  the  position  of  the  image  for  parallel  rays,  or  for 
£Ct  an  infinite  distance  away;  and  let  C  be  the  centre  of 


p        P 

Btminent,  or  the  intersection  of  the  plumb-line,  extended, 

he  axis  of  the  telescope. 

t  E^  and  E^  be   the  *' principal  points,"*  and  let  the 

ce  FE,  ==/ (focal  length), 

IE  ^  f  \ 

Q£  ^  f  \  (conjugate  foci), 

A,B^  —  i  (for  image,  intercepted  portion), 
A^B,  —  s  (for  stadia*  intercepted  portion), 

en.  since  Afi^  is  parallel  to  A^E^,  and  B^E^  is  parallel  to 

We  have 


50, 


Afi,  :  A^^  ::  IE,  :  OE,, 
1:5::/,;/,.    -    . 


(I) 


from  the  law  of  lenses  we  have 


optics  is  generally  taught  in  the  English  text  books,  ^1  and  E^  are 

cotficide  m  a  point  at  or  near  the  centre  of  ihe  kns:  and  this  b  called 

ptical  centre/'     Tbe  **  principal  points'*  oi  th«  ordinary  objective  fall 

Ihe  surfaces  of  the  lens,  but  they  never  coincide.     The  ordinary  theory 

ickntly  approximate  (or  the  development  of  stadia  formula  but  It  saves 

to  make  the  conditions  rigid,  and  it  is  equally  simple. 


4 
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(2) 


On  these  two  equations  rests  the  whole  theory  of  stadia 

measurements. 

Since  the  distance  FE^  —/=  focal  distance,  is  a  constant 
for  any  lens  or  fixed  combination  of  lenses,  we  see  from  equa- 
tion  (2)  that  if  the  object  P  approaches  the  lens  the  distance 
f^  is  diminished,  and  therefore/,  must  be  increased;  that  is, 
the  image  recedes  farther  from  the  lens  as  the  object  ap 
proaches  it^  and  vice  versa. 

If  the  extreme  wires  in  the  reticule  of  the  telescope  be  sup- 
posed to  be  placed  at  A^  and  B^  in  the  figure,  then  A^E.B,  h 
the  visual  angle  which  is  equal  to  A^E^B^.  But  as  the  image 
changes  its  distance  from  the  objective  as  the  object  is  near 
to  or  farther  from  the  instrument*  so  the  reticule  is  movt 
back  and  forth»^  for  it  must  ahvays  be  in  the  plane  of  the 
image.  Therefore  /£,  =/i  is  a  variable  quantity,  while  A,B, 
is  constant  for  fixed  wires.  Therefore  Hie  insual  angles  tH  E, 
and  E^  are  variable. 

If  these  angles  were  constant,  the  space  intercepted  on  tk 
rod,  and  the  distance  of  the  rod  from  the  objective,  would  beta 
constant  ratio*     Since  this  is  not  true,  we  must  find  the  rcl* 
tion  that  does  exist  between  the  distance  E^O  and  the  sp 
intercepted  on  the  rod,  A^B^, 

From  equation  (i)  we  have 


but  from  equation  (2)        -  =  -—-, 


*  If  the  isbjecUvc  is  moved  in  f reusing  it  does  not  appreciably  afeci  th^^ 
relations. 
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Equating  these  two  values  of  -j,  we  have 


X   __  I        I 

or 

A  =  js  +  A (3) 


that  is,  the  distance  of  the  rod  from  the  objective  is  equal  to 
the   intercepted  space  in  the  rod  multiplied  by  the  constant 

ratio -.,  plus  the  constant  /,  where /is  the  focal  length  of  the 

objective,  and  i  is  the  distance  between  extreme  wires.  If 
the  distance  between  the  extreme  wires  be  made  0.0 1  of  the 
focal  length  of  the  objective,  then  the  distance  of  the  stadia- 
rod /r^w  the  objective  (rigidly  from  E^  is  a  hundred  times  the 
intercepted  space  on  the  rod,  plus  the  focal  length  of  the  ob- 
jective. 

Again,  if  a  base  be  measured  in  front  of  the  instrument, 
with  its  initial  point  a  distance  f  in  front  of  the  object-glass  of 
the  telescope,  then  the  rod  may  be  held  at  any  point  on  this 
base-line,  and  its  distance  from  the  i?iitial point,  and  the  space 
intercepted  by  the  extreme  wires,  will  be  in  constant  ratio. 

The  lines  AJ^'  and  BJ^'  in  Fig.  61  show  this  relation,  for 
they  are  the  lines  defining  the  space  on  the  rod  which  is  inter- 
cepted by  the  extreme  wires  as  the  rod  moves  back  and  forth. 
Evidently  the  rod  cannot  approach  so  near  as  F\  for  then  the 
image  would  be  at  an  infinite  distance  behind  the  lens.  Usu- 
ally the  extreme  position  of  reticule  does  not  correspond  to 
a  position  of  rod  nearer  than  ten  to  fifteen  feet. 

It  must  be  remembered  that  any  motion  of  the  eye-piece, 
with  reference  to  the  image  and  wires,  is  only  made  to  accom- 
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modate  different  eyes,  and  has  no  effect  in  changing  the  rela- 
tion of  wire  interval  and  image.  The  eye-piece  is  simply  2 
magnifier  with  which  to  view  the  image  and  wires,  but  in  all 
erecting  instruments  it  also  reinverts  the  image  so  as  to  make 
it  appear  upright*  The  effect  of  the  eye-piece  has  no  place  iti 
the  discussion  of  stadia  formula;. 

If  the  distance  of  the  stadia  is  to  be  reckoned  from  the 
centre  of  the  instrumentp  which  it  usually  is>  and  if  this  dis^ 
tance  =  d,  and  the  distance  from  the  centre  of  the  jnstrumept 
to  the  objective  {CE^  in  Fig,  61)  =  r,  then  we  have»  from  (3), 


d^A  +  c^f+f^rc. 


{4 


Since/,  /,  and  ^  are  constant  for  any  instrument,  we  may 
measure  /  and  c  directly,  and  then  find  the  value  of  1  by  a 
single  observation.     Proceed  as  follows: 

Tst.  Measure  the  distance  from  the  centre  of  the  instru^ 
ment  (intersection  of  plumb-line  with  telescope)  to  the  objec^ 
tive»  and  call  this  c* 

2d.  Focus  the  instrument  on  a  distant  point*  preferably  tfjc 
moon  or  a  star,  and  measure  the  distance  from  the  plane  <i 
the  cross- wire  to  the  objective,  and  call  this/. 

3d.  Set  up  the  instrument,  and  measure  the  distance  /+^ 
forward  from  the  plumb-!ine,  and  set  a  mark.  From  this  mark 
as  an  initial  point,  measure  off  any  convenient  base,  as  400  feet 

4th.  Hold  the  rod  at  the  end  of  this  base,  and  measure  the 
space  intercepted  by  the  extreme  wires.  If  we  call  the  lengtlt 
of  this  base  b,  and  the  distance  intercepted  s,  then  we  havt, 
from  equation  (3), 


i=tf. 


(s) 
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Here  we  have  the  value  of  1  in  terms  of  known  quantities. 

If  it  is  desirable  to  set  the  wires  at  sych  a  distance  apart 

s 
lat  -7  will  be  a  given  ratio,  as  -^^  then  i  must  equal  0,01/     It 

possible  to  set  the  wires  by  this  means  to  any  scalc^  so  that 
rod  of  given  length  may  read  any  desired  maximum  distance. 

/ 
If  it  is  desired  that  -  should  be  determined  with  great  ac- 

uracy  for  a  given  instrument,  with  wires  already  set,  so  as  to 
ave  a  coefficient  of  reduction  for  distance^  for  readings  on  a 
od  graduated  to  feet  and  tenths,  for  instance,  proceed  as  fol- 
ows: 

Make  two  sets  of  observations  for  distance  and  intercepted 
nterval.  The  distances  should  differ  widely,  as  50  feet  and 
:oo  feet,  or  100  feet  and  1000  feet,  according  to  the  length  of 
rod  used.  The  shorter  distance  should  not  be  less  than  50  feet, 
and  the  longer  one  not  more  than  jooo  feet  with  the  most 
favorable  conditions  of  the  atmosphere.  The  distances  are  to 
be  measured  from  the  centre  of  the  instrument.  Make  several 
careful  determinations  of  the  wire  interval  at  each  position  of 
the  rod,  and  take  the  mean  of  all  the  results  at  each  distance, 
and  call  that  the  wire  interval,  s,  for  that  distance,  d.  We  then 
have  two  equations  and  two  unknown  quantities,  these  latter 

king  4  and  (/+  c)  in  the  formula,  equation  (4), 

Here  the  d  and  s  are  observedy  and  4  and  (/"+  €)  are  found. 

Knowing  these,  a  table  could  be  prepared  giving  values  of  d 
for  any  tabular  value  of  s  for  that  instrument- 

This  applies  to  the  reading  of  distances  from  Icvelling-rods, 
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Some  engineers  prefer,  in  this  case,  to  observe  the  wimj 
interval  for  various  measured  distances^  from  the  shortest  i^  \ 
the  longest,  to  be  read  in  practice^  and  prepare  a  table  by  inteij 
polation.     If  the  observed  positions  are  sufficiently  numerous 
this  method  should  give  identical  results  with  those  obtaine 
by  the  use  of  the  formula.     The  two  methods  may  be  used  1 
check  each  other. 

From  equation  (4)  we  see  that  the  distance  of  the  rod  Iw 

the  centre  of  the  instrument  is  a  constant  ratio  Kj  times  lh(j 

intercepted  space  on  the  rod,  plus  a  constant  {f-\-c\ 

If  diagrams  or  designs  be  drawn  on  the  stadia-rod  to  tliej 

scale  ^  or  so  that  10  X  ^  yards  on  the  rod  would  correspond 

to  10  yards  in  distancei  and  if  the  rod  were  decorated  witi 
symbols  of  this  size,  then  the  distance  of  the  rod  from  the 
insjtrumen^  |COuld  be  read  at  once  by  noting  how  many  symbolsj 
were  intfi.  epted  between  the  wires.  To  this  distance  musM 
then  be  adaed  the  small  distance  (/+  ^),  which  is  from  lotaj 
16  inches  in  ordinary  field-transits.  On  all  side- readings,  taken] 
only  to  locate  points  on  a  map,  this  correction  need  not 
added,- as  one  foot  is  far  within  the  po?^sibilites  of  plotting. 

200<ip  The  Use  of  an  Interval  Factor,-^The  practice ofl 
graduating  a  rod  to  fit  the  stadia  wires  of  a  particular  transit 
has  been  found  less  accurate  than  the  system  which  employs 
an  interval  factor  with  the  rod  graduated  into  standard  units. 
The  former  method  is  objectionable,  also,  for  the  following 
reasons:  first,  the  cost  of  re-graduating  and  re-painting  the  rod 
when  the  interval  of  the  transit  changes,  as  when  new  wires  are 
inserted,  or  from  other  causes;  second,  such  rods  cannot  b« 
interchanged  among  other  transits,  or  old  rods  used  with  nev^^ 
transits ;  third,  such  non-standard  rods  could  not  be  used  iJi 
leveling  without  computing  laborious  corrections* 

All  these  objections  are  overcome  by  the  use  of  rods  grad- 
uated   into    standard  units  and  the  use  of  an  interval  factor 
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r^  '  J  to  multiply  all  stadia  readings  on  the  standard  rod 

%  obtaiti  the  true  stadia  distance*  viz.»  what  the  rod  reading 
ould  have  been  if  A"  had  been  equal  to  lOO, 

This  method  has  failed  of  adoption  because  of  the  scem- 
ugly  large  amount  of  extra  computation  involved.  By  the 
ise  of  a  reduction  table,  however,  the  labor  involved  is  very 
light,  while  the  advantages  are  many.  Such  a  table  would 
>c  prepared  as  follows;  From  the  adopted  interval  compute 
he  distance  corresponding  to  each  stadia  reading  given  in  the 
columns  marked  Stadia  in  the  following  reduction  table,  and 
laving  added  the  /-|-  r  to  each  of  such  computed  distances, 
slacc  the  sums  in  second  column  opposite  the  proper  stadia 
reading;  /+^  should  not  be  added  to  readings  of  less 
than  0,1*'*^  Thus  with  an  interval  factor  K=  lo+So,  and 
f+^  =  cP.32the  distance  corresponding  to  a  stadia  reading 
of  0,1  would  be  i048-}-0-3-^  10.80.  Remem  ring  that 
(leaving  out  the/-[-f)  the  distances  are  proporticSnate  to  the 
stadia  reading,  the  work  of  computing  the  table  cah  easily  be 
done  in  an  hour's  time. 

It  is  assumed  in  this  explanation  that  the  interval  was 
determined  by  measuring  a  base  line  whose  zero  was  /  -\-  cm 
front  of  the  centre  line  of  transit  as  explained  on  page  242, 
If  the  zero  of  the  base  line  coincided  with  the  centre  line  of  the 
transit  (plumb  line)»  the  construct  ion  of  the  table  would  be 
just  the  same,  except  that  there  would  be  no/-|-  c  additions 
to  the  column  headed  Distance, 

Hew  to  Use  the  Table, — If,  for  example,  the  notes  contained 

a  stadia  reading  of  I'^^gfo,  to  find  from  the  table  the  true  dis- 

-     ^  — . - 

*  This  is  assuming  that  gtEidia  readings  of  less  tbati  o.t  will  never  b« 
t*i£ea»  except  as  ^  purf  of  a  much  longer  reading,  as,  forcxamplcj  ,06  fortni 
1  pirt  of  1,96  ;  so  that  if  /+  t  were  added  in  the  table  both  to  the  dlt- 
^^ncescorrespotidif^g  lo  i.g  and  .06  of  the  rod  reading,  the  resulting  stiin 
*«iild  have  (/+  f)  added  twice  instead  of  once. 
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taiicc,  VIZ.,  what  the  stadia  would  have  r^^d  if  the  interval 
factor  had  been  lOOA  you  enter  the  table  with  1,9  as  an 
argument  and  take  out  the  distance  199.44  corresponding  ta 
it;  also  opposite  »o6  find  6.29,  which  add  to  199,44,  giving 
205.73  metres  as  the  true  distance   (and   including  in  it  tkj 

STADIA    REDUCTION   TABLE. 

/+  £  =r  0'".32  K  —   104.30 


I 

I 
I 


Disuuicc. 

Reading, 

Biataoce. 

Reading. 

DiflAAce^ 

.001 

,10 

-OS 

S-24 

*g 

94^64 

.002 

.21 

.06 

6.29 

1*0 

losia    1 

.003 

'31 

*07 

7-34 

l,t 

iilM    \ 

.004 

.4:1 

*0& 

8.38 

1.2 

126.0S 

.005 

-52 

.09 

9^43 

1^3 

136.56 

.006 

.63 

•  10 

10.80 

1.4 

147.01 

.007 

*73 

21.28 

I.S 

M7S2 

.008 

.84 

31.76 

1.6 

168.00 

.009 

,94 

43  34 

t.7 

178-48 

♦01 

i,os 

52.72 

1.8 

i38.ga 

.02 

2.10 

.6 

63.20 

1.9 

»9944 

-03 

3  14 

^7 

73-68 

2,0 

209,98 

»04 

4.19 

.B 

S4.16 

etc. 

etc. 

1 

With  a  little  practice  it  will  be  found  that  the  fieId*itotes 
of  an  entire  day  may  be  reduced  in  this  manner  in  fifteen 
minutes  or  less. 

If  the  interval  factor  should  happen  to  be  nearly  equal  to 
100,  it  would  not  be  necessary  to  reduce  the  side  shots,  as  oi\ 
the  usual  scales  of  maps  small  differences  would  not  be  ap- 
preciable on  the  map ;  but  even  in  such  a  case  it  would  be  well 
to  reduce  the  stadia  shots  of  the  mmn  fra7'^rs^  line,  because 
the  omission  of  such  corrections  would  introduce  an  accumula* 
tivi  error  which  might  vitiate  the  accuracy  of  the  entire  map, 

201*  A  Simple  and  Accurate  Way  to  Deterrninc  tb 
Wire  Interval  of  a  Transit, —  In  all  topographic  survey 
extending  over  a  considerable  area  a  triangulation  control  b 
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always  found  necessary.  The  accurately  known  distatia 
computed  from  the  triangulation  can  be  made  to  give  the  vei 
best  determination  of  the  stadia  interval  without  any  furth< 
fidd-work  for  this  purpose. 

In  taking  topography  by  the  transit  and  stadia  method,  : 

is  usual  to  begin  and  end  the  network  of  traverse  lines  {npci 

which  the  topography  is  made  to  depend)  at  triangulatiq 

itations.  \ 

If  the  interval  of  the  transit  used  be  assumed  to  be  io< 

en  the   distance  between   the  two   adjoining  trtangulatiO! 

ations^  forming  the  terminals  of  the  tra\''erse,  can  be  conf 

puted  from  the  distances  and  bearings  of  the  traverse.     The 

100  times  the  ratio    of  the    true   length,  as   determined   b 

ngulation,  to  the  distance  so  computed  is  the  stadia  inte; 

1  of  the  transit;  e.g.,  if  the  distance  between  two  trianguU 

tion  stations,  as  computed  from  the  stadia  traverse,  should  b 

15488  feet  (assuming  the  stadia  interval  to  be  100),  and  th 

Inie    triangulation    distance     between   the  same    points  wa 

15^698  feetp  then  the  assumed   inter\'al   of  the  transit  shout 

ht  multiplied  by  the  ratio  of  15,698  :  15,488  =  1-013S,  givin 

a  true   interval   of    1*0135  X  100  (the   assumed    interval)   s 

lOKJS, 

Besides  being  extremely  simple,  this  method  has  the  adde 
advantage  of  having  been  determined  by  the  person  who  di 
the  instrumental  field-work  of  the  survey,^  and  under  the  sarr 
conditions  regarding  time  of  day,  weather,  etc*  as  govern e 
the  topographic  field-work,  thereby  insuring  a  result  free  fro 
any  systematic  errors.  The  resulting  interval  would  also  1 
free  from  accidental  errors  unless  some  blunder  was  made 
the  rod  readings  during  the  field-work.  To  guard  against  su* 
a  possibility  it  would  be  well  to  make  two  or  more  compuf 


•  In  order  to  eliminate  a  possible  error  from  pewofial  equation,  wh| 
lias  90Qieiime»  been  found  to  eitisc* 
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tions  of  the  interval,  by  the  above  method,  using  different  line^ 
in  the  triangulatioih  The  agreement  of  the  several  deter- 
minations so  made  would  insure  freedom  of  error  in  the  result- 
ing interval 

Note. — In  the  above  method  it  is  assumed  that  either 
there  was  no  azimuth  error  in  the  traverse  hne,  or  that  it  bad 
been  duly  corrected  or  distributed  before  the  distance  between 
triangulation  stations  had  been  computed. 

202.  How  to  Prevent  Systematic  Errors  in  Stadia 
Measurements. — -When  the  wire  interval  of  a  transit  is  accu- 
rately determined,  stadia  measurements  are  subject  only  to  the 
accidental  errors  of  reading  the  rod.  According  to  a  well- 
known  law  only  the  square  root  of  such  errors  remaiiii 
uncompensated. 

As  a  matter  of  fact,  the  results  of  stadia  surveys  show 
much  larger  errors  in  measurement,  in  some  constant  dir<;c- 
tion,  pointing  conclusively  to  an  incorrect  interval  determina- 
tion or  rod  graduation.  Professor  L.  S.  Smith  lias  shown* 
that  the  failure  to  secure  a  correct  wire  interval  has  been  due 
to  a  lack  of  care  in  securing  as  near  as  possible  the  same  con- 
ditions for  the  interval  determination  as  are  met  in  the  field 
measurements.  This  requirement  is  Important  because,  as  he 
has  experimentally  proved,  the  effect  of  refraction  is  much 
greater  near  the  ground  in  the  strata  of  air  traversed  by  the 
lower  line  of  sight  than  it  is  in  the  strata  a  few  feet  above 
traversed  by  the  upper  line  of  sight  (see  Ftg.  6ib).  This  causes 
the  actual  rod  reading  to  differ  from  what  it  would  have  beca 
had  the  air  been  homogeneous.  This  difference  in  the  amount 
of  refraction  changes  in  amount  at  different  hours  of  the  day* 
giving  a  slightly  different  rod  intercept  for  the  same  distance. 


*  See    Bulletin   of   the    Universiiy  of  Wisconsin*  Engrneeriog  Scries, 
Vol*  I,  No.  5,  1895;  ilXso  EngiH^irini  Nrws,  Vol.  XXXIII,  p*  364, 
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In  the  typical  curve  shown  in  Fig.  6 1^  it  will  be  seen  that  the 
rod  intercept  is  least  during  the  middle  of  the  day,  and 
greatest  in  morning  and  evening. 

If  an   interval  was  determined  by  rod  readings  taken   on 
the  base  line  near  noon,  smaller  rod  readings  would  result  than 
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the  average  readings  for  the  day.  As  a  result  of  the  rod  read- 
ings, j»  being  too  small  (since   the  Inter\''al  A'  equals  —]»  K 

would  be  too  large,  and  therefore  measurements  made  with 
such  a  value  of  the  interval  (or  with  a  rod  divided  under  these 
conditions)  would  as  a  rule  be  excessive** 

Just  the  opposite  effect  would  result  with  an  interval  made 
in  the  early  or  late  part  of  the  day,  viz.,  the  value  of  A'  ob- 
tained would  be  too  small.  However,  if  several  determinations 
or  tests  be  made,  distributed  over  several  hours  of  the  field 
day,  and  better  still  on  several  days,  the  average  of  them  all 
would  give  an  interval  comparatively  free  from  systematic 
error. 

*  For  a  good  example  of  such  a  case  read  the  report  of  the  Si.  Louis 
Topographic  Survey,  Journal  of  the  Association  of  Engineering  Soctelies^ 
Vol.  XII,  p.  ao.  The  average  etror  of  every  sight  on  this  survey  was 
about  +  liS  feet. 
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As  a  result  of  these  experiments  the  following  rules  fo 
determining  the  wire  interval  or  for  graduating  the  rod  becoin 
imperative  for  the  most  accurate  work.     These  rules  apply  ta 
any  or  all  the  methods  previously  described. 

I-  Etfery  instrument  man  skouid  determine  for  himsrif  his 
wire  interval  {or  make  tie  obstr%fatians  for  graduating  his  rods\ 

2.  Determine  the  wire  interval  far  various  distances  {bntmiy 
between  the  limits  expected  in  the  fe/d-wark),  and  for  set'eral 
hours  distributed  throngk  one  or  more  days,  on  a  base  line  which 
does  not  differ  radically  from  the  country  to  be  surveyed, 

3.  For  a  radical  change  of  field  or  season  coftditions,  redetif* 
mine  the  wire  interval  or  rod  graduation. 

4.  Avoid  reading  the  loiver  cross^wtre  near  the  ground,  eitkr 
in  the  interval  determination  or  in  the  field-work^  but  the  ipitenmi 
determination  readings  should  agree  in  this  respect  with  tk 
a^fcrage  field  practice. 

It  is  the  evident  purpose  of  these  rules  to  insure  as  far  as 
possible  that  every  condition  obtaining  during  the  test  shall 
be  as  similar  as  possible  to  the  conditions  expected  or  planned 
for  the  field-work.  The  experiments  described  in  this  artick 
have  unquestionably  proved  that  if  these  rules  be  followed  the 
accuracy  obtainable  will  be  very  considerably  increased  and 
the  stadia  method  thereby  made  even  more  valuable  than  it 
has  been  in  the  past. 

203,  Adaptation  of  Formulae  to  Inclined  Sights,— The 
discussion  given  in  Art.  200  is  applicable  to  horizontal  sight? 
only* 

If  the  rod  be  held  on  the  top  of  a  hill,  and  the  telescope 
pointed  towards  it,  the  reading  on  the  rod  will  give  the  lineaf 
distance  from  instrument  to  rod,  provided  the  rod  be  heidptf- 
pendicular  to  the  line  of  sight.  As  it  would  be  inconvenient  to  do 
this,  let  the  rod  be  held  vertical  in  all  cases.  When  the  line  of 
sight  is  inclined  to  the  rod,  the  space  intercepted  is  increased 
in  the  ratio  of  1  to  the  cos  of  the  angle  with  the  horizon. 
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Thus,  tha  space  A'B'  (Fig*  62)  for  the  rod  perpendicukr  to 
the  line  of  sight  becomes  AB  for  the  rod  vertical.  But 
A'B*  ^  AB  cos  V  approximately. 


Let  A^B*  =  r\  the  reading  on  the  stadia  for  perpendicular 
position ;  *  and 

Let  AB  =  Tp  the  actual  reading  obtained  for  a  vertical 
position. 

Then  r'  =  r  cos  ^. 

But  in  equation  {4)  we  have  -  s=f^,  and  therefore  K  +  ^ 

Hr/is  the  distance  CO' ;  whereas  the  distance  on  the  horizon- 
t^l  CO,  13  generally  desired,  and  for  this  we  have 

co= d  =  C(y  cos^  =  {y  +  ^+/)  cos  V 

=  r  cos*  v-^^ic  +/)  cos  V.    (7) 

This  is  the  equation  for  reducing  all  readings  on  the  stadia 
to  the  corresponding  horizontal  distances* 

The  vertical  distance  of  0'  above  0  is  equal  to  CO'  sin  K 


^M 


I*  &r  **  readtti^  on  the  sLadta"  is  meant  the  distance  CO^  as  read  o0  from  th* 
bf  memns  of  its  diagraiDinalic  graduation^  as  described  on  'pagt  l^V 
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But 


Ca' =  r'+ZH-^  =  r  cosp+/+i^ 


nence 


00'  =  k  =  rcosvsmv-\-  {/+  c)  sin  v 

=  ir  sin  2£^  +  (/+  c)  sin  v*    (8)  \ 

Equation  (8)  is  used  for  finding  the  elevation  of  the  point 
on  which  the  stadia  is  held  above  or  below  the  instrument  sta^ 
tion, 

204,  Table  V.*gives  the  values  d  and  k  computed  from 
these  formulae  for  a  stadia  reading  of  100  feet  (or  metres,  or 
yards),  with  varj'in^  angles  up  to  30°. 

It  will  be  noted  that  the  second  term  Tn  the  right  member 
of  equations  (7)  and  (8)  is  always  small,  and  its  value  depends 
on  the  instrument  used.  The  values  of  this  term  arc  taken 
out  separately  in  the  table;  and  three  sets  of  values  are  given 
of  f^  +  /),"Viz,,  0.75  feet,  KOO  feet,  and  1.25  f^^t.  If  the 
work  does  not  require  great  accuracy,  these  small  correction* 
may  be  omitted. 

The  use  of  the  table  directly  involves  a  multiplication  fof 
every  result  obtained.  Thus,  if  the  stadia  reads  460  feet,  the 
angle  of  inclination  6*^  2o',  and  we  have/-|-^  —  i  foot,  then 


and 


d  =  4.60  X  987S  +  0.99  =  455.4  feet, 
k  =  4.60  X  10,96  +  0.1 1  ^  50.53  feet* 


The  table  is  not  generally  used  for  reductions  fori/ when  the 
angle  of  elevation  is  less  than  3  to  5  degrees*  Wlien  v  =  5* 
44^  this  reduction  amounts  to  just  one  per  c^nt.  When  an 
error  of  I  in  100  can  be  allowed,  then  the  reduction  to  the 
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loHzontal  would  not  be  used  under  6^,  If  the  second  term  in 
^  ~^/be  also  neglected,  these  two  errors  tend  to  compensate  ; 
and  if  ^+/ for  the  instrument  used  is  1  foot,  and  both  these 
corrections  be  omitted,  they  do  exactly  compensate  when  the 

stadia  reading  is    lOO  fect»  vertical  angle  5°  44'. 

4^  04\ 
**  "         3°  20'. 

2°  32'. 
1^46', 


I 


14 

#« 

200 

«« 

«< 

300 

t» 

«« 

400 

u 

li 

500 

it 

t« 

1000 

« 

<« 

2000 

Therefore  the  reduction  to  the  horizontal  need  never  be 
trade  when  v  is  less  than  2*^,  and  it  generally  may  be  neglected 
vkhen  ty  is  less  than  6"^. 

Ill  obtaining  the  difference  of  elevation.  A,  the  term  in 
r  +y  may  be  omitted  for  all  angles  under  6**  if  errors  of  o.r 
foot  are  not  important.  For  elevations  on  the  main  linejrow- 
cver,  this  term  should  always  be  inckidcd* 

In  practice,  therefore,  the  tables  are  mostly  used  to  obtain 
the  difference  of  elevation  from  the  given  stadia  reading  ant* 
angle  of  elevation* 

_  PORRO'S  TELESCOPE, 

205,  The  Reading^  Angle  with  Vertex  at  the  Center  o? 
ttie  Instrument — In  1S23  Mr.  Porro,  a  Fiedmontese  officer, 
and  afterwards  a  professor  at  Milan,  invented  a  telescope 
which  brings  the  vertex  of  the  reading;  angle,  A^F'!\,  Fig.  61, 
to  the  center  of  the  instrument^  and  so  gives  the  true  reading 
for  all  distances,  without  the  (^4-/)  correction,  which  must 
always  be  applied  with  the    ordinar>^  telescopes.      Although 
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this  IS  not  a  very  important  matter 
in  stadia  work,  yet  because  of  this 
slight  correction,  or  source  of  error 
when  not  applied,  many  engineers  and 
surveyors  have  heretofore  declined  to 
use  the  stadia  methods  at  alK  The 
great  advantages  of  these  methods  arc 
coming  to  be  better  known,  however, 
and  soon  the  demand  for  Porro*s  telfi^ 
scope  may  warrant  its  manufacture  for 
ordinary  transits.  It  is  not  now  (TS90) 
made  anywhere  in  America,  Thts 
telescope  would  serve  as  w^ell  for  all 
other  purposes,  and  although  really 
little  better  for  stadia  work,  it  removea 
an  objection  which  has*  more  than  any- 
thing else,  caused  the  stadia  methods 
to  be  generally  ignored. 

The  construction  of  the  telescope  is 
shown  in  the  accompanying  figure. 

The  lens  at  0  is  the  objective, 
having  a  longer  focal  length  than 
the  ordinary  objective.  At  P  is  an 
auxiliarj^  len^  by  means  of  which  all  pen* 
cils  of  rays  originating  on  the  reading* 
angle  lines,  CA^  or  C5„  are  brought  to 
a  focus  somewhere  on  the  parallel  lines 
7fiA^  and  nB,t  respectively.  In  the  figure 
only  one  such  pencil  of  rays  is  shown, 
which  emanates  from  B^.  The  cross- 
wires  are  at  A^  and  B^,  and  since  all 
pencils  of  rays  originating  on  the  read- 
ing-angle lines,  which  now  meet  at  the 
center  of  the  instrument,  will  be  brought 
to  a  focus  on  horizontal  lines  through 
the  cross-wires,  it  follows  that  the  inter- 
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^>tcd  space  on  the  rod  is  always  proportional  tu  the  dbtatice 
I  the  rod  from  the  center  of  the  instrument. 
'  The  point  F^  is  the  principal  focus  of  the  lens  I\  its  focal 
iigth  being  much  smaller  than  that  of  the  lens  0,  since  its 
rincipal  focus  is  at  a  considerable  distance  back  of  I\  as  at 
y.  The  point  I\  is  the  position  of  the  principal  focus  of  t?in 
iont,  and  is  the  point  where  the  reading  angle  has  its  vertex 
'ith  the  ordinary  telescope,  as  shown  in  Fig.  61.  The  points  C 
fid  /y  are  conjugate  foci  of  the  lens  O.  An  image  will  always 
e  fonned  to  the  right  of  I\  even  for  an  object  nearer  to  the 
^jective  than  F^.  The  movements  of  the  objective  (or  eye- 
^ecei  for  focusing  at  different  distances  is  less  for  this  tele- 
cope  than  for  the  ordinary  telescope.  The  relative  position 
%  the  lenses  O  and  P  is  fixed,  and  they  must   move  together 

fthe  objective  is  moved  in  focusing. 
The  significance  of  the  arrangement  lies  in  the  fact  that 
lie  ray  of  light  which  traces  the  line  BJ^^  the  limiting  line  for 
(he  reading  angle,  traverses  the  principal  focus  of  the  lens  P, 
^nd  hence  emerges  from  this  lens  along  the  horizontal  line^ 
\B,  on  w  hich  the  cros^-wire  is  placed.  The  lenses  O  and  /'are 
» placed  that  the  point  F^,  which  is  the  principal  focus  oi  P^ 
ulso  the  focus  of  0,  which  is  conjugate  with  the  point  C*  the 
enter  of  the  instrument*  Any  further  discussion  of  the 
lheor>'  of  this  instrument  is  out  of  place  here  until  it  is  manu^ 
tactured  and  used  in  this  country** 


^  THE   INSTRUMENTS. 

r^o6.  The  Transit, — That  the  transit  may  be  best  adapted 
D  this  %vork,  there  are  certain  features  it  should  possess, 
hough  all  of  them  are  by  no  means  essential.  They  will  be 
^med  in  the  order  of  their  importance. 

1st.  The  horizontal  limb  should  be  graduated  from  zero  to 
60*,  preferably  in  the  direction  of  the  movement  of  the  bands 
( a  vratclu 

*  For  tlic  BathemaciVal  discussion  ol  this  tcU$cope  acc  an  Aiticb  by  the  tutlMi 
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2d.  The  instrument  should  have  a  vertical  circle  rigidly 
tached  to  the  telescope  axis,  and  not    simply  an  arm  that 
fastened  by  a  clamp-screw,  and  which  reads  on  a  fixed 
low.     So  much  dL*pends  on  the  vertical  circle  holding  its 
ment  that   its  arrangement  should  be  the  best  possible.    Sim 
the  telescope  is  not  transited,  the  vertical  circle  need  not 
complete, 

3d.  The   telescope  should  be  inverting,  for  two   rea^oitii 
first,  in  order  to  dispense  with  two  of  the  lenses,  and  so  obtai 
a  better  definition  of   image;  and,  second,  that   the   objectii 
may  have  a  longer  focal  length,  thus  giving  a  flatter  image  ai 
a  less  distorted  field, 

4th,  The  stadia  wires  should  be  fixed  instead  of  adjustabl 
as  in  the  latter  case  they  are  not  stable  enough  to  be  reliabl 

5th,  The  bubbles  on  the  plate  of  the  instrument  should 
rather  delicate,  so  that  a  slight  change  in  level  may  bcco! 
apparent.  They  should  also  hold  their  adjustments  well.  Thi 
is  very  important,  in  order  that  the  readings  of  the  vcrti 
angles  may  be  reliable.  It  is  also  of  great  importance 
carrying  azimuth  where  the  stations  arc  not  on  the  same  lev 

6th*  The  horizontal  circle  should  read  to  thirty  seconds; 
and  there  should  be  no  eccentricity,  so  that  one  vernier-read 
ing  shall  be  practically  as  good  as  two* 

7th.  The  instrument  (or  tripod)  should  have  an  adjustable 
centre,  for  convenience  of  setting  over  points* 

81  h.  A  solar  attachment  to  the  telescope  will  be  found  wtj)* 
convenient.  In  most  regions  the  azimuth  can  be  checked  up 
by  the  reading  of  the  needle,  but  in  many  places  this  is  nod 
reliable. 

207*  Setting  the  Cross-wires. — The  engineer  should  al 
ways  hav^  at  hand  a  spider*s  cocoon  of  good  wires,  and  a  small 
bottle  of  thick  shellac  varnish.  If  the  dry  shellac  is  carried  it 
may  be  dissolved  in  alcohol.  If  no  such  cocoon  is  at  hand  9 
spider  may  be  caught  and  made  to  spin  a  web.     The  small, 
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black,  out-door  spider  makes  a  good  web  for  stadia  purposes. 
A  new  wire  should  be  allowed  to  dry  for  a  few  minutes,  and  an 
old  one  should  be  steamed  to  make  it  more  elastic.  The 
wires  for  stadia-work  should  be  small,  round,  and  opaque. 
Some  wires  are  translucent,  and  some  are  flat  and  twisted  like 
an  auger-shank. 

Scratches  must  be  made  across  the  face  of  the  reticule 
where  the  wires  are  to  lie.  These  must  be  made  with  ^reat 
care,  so  as  to  have  them  equally  spaced  from  the  middle  wire, 
parallel  to  each  othcTt  and  perpendicular  to  the  vertical  wire. 
The  distance  apart  of  the  extreme  wires  is  to  be  computed  by 
equation  (5)  for  any  desired  scale  on  the  rod. 

Take  a  piece  of  v^^eb  on  the  points  of  a  pair  of  dividers,  by 
wrapping  the  ends  several  time^  about  the  points*  which  should 
be  separated  by  about  an  inch  ;  stretch  the  wire,  by  spreading 
the  dividers*  as  much  as  it  will  bear;  and  lay  the  dividers 
across  the  reticule  in  such  a  way  that  the  web  comes  in  place. 
The  dividers  must  be  supported  underneath,  so  that  the  points 
will  drop  just  a  trifle  below  the  top  of  the  reticule;  otherwise 
they  would  break  the  web.  Move  the  dividers  until  the  web 
is  seen,  by  the  aid  of  a  magnifying-glass  (the  cye-piece  will  do), 
to  be  in  exact  position.  Then  take  a  little  shellac  on  the  end 
of  a  small  stick  or  brush,  and  touch  the  reticule  over  the  web, 
being  careful  to  have  no  lateral  motion  in  the  movement. 
The  shellac  will  harden  in  a  few  minutes,  when  the  dividers 
may  be  removed*     Shellac  is  not  soluble  in  water* 

208.  Graduating  the  Stadia-rod. — The  stadia-rod  is 
usually  a  board  one  inch  thick,  four  or  five  inches  wide,  and 
twelve  to  fourteen  feet  long.  Sometimes  this  is  stiffened  by  a 
piece  on  the  back»  To  graduate  the  rod,  it  is  necessary  to 
know  what  space  on  the  rod  corresponds  to  a  hundred  feet  (or 
yards,  or  metres)  in  distance.  Either  of  the  three  methods 
cited  on  pp.  250-1  may  be  used  for  doing  this,  but  the  first  is 
recommended,  Thus,  measure  off  f  +/in  front  of  the  plumb 
17 
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line,  and  set  a  point.     From  tins  point  measure  off  any  con- 
venient base,  as  200  yards,  on  level  ground,  and  hold  the  blaj\k 
rod  (which  has  had  at  least  two  coats  of  white  paint),  at  the  end 
of  this  base  line.     Have  a  fixed  mark  or  target  on  the   upp<:i 
part  of  the  rod,  on  which  the  upper  wire  is  set.     Have  an  assist 
ant  record  the  position  of  the  lower  wire  as  he  is  directed  bj 
the  observer.     Some  sort  of  an  open  target  is  good  for  this  pyf. 
pose»  but  any  scheme  is  sufficient  that  will  enable  the  observe 
to  fix  the  position  of  the  extreme  wires  at  the  same  moment  with 
exactness.     This  work  should  be  done  when  there  is  no  wind, 
and  when  the  atmosphere  is  very  steady ;  a  calm,  cloudy  da] 
is  best.     Repeat  the  operation  until  the  number  of  results,  or 
their  accordance,  shows  that  the  mean  will  give  a  good  result 
If  the  base  was  200  yards  long,  divide  this  space  into  two  equal 
parts,  then  each  of  these   parts  into  ten  smaller  parts,  and 
finally  each   small  space  into    five  equal    parts:    and  one  of 
these  last    divisions  represents    two  yards  in    distance.     Dia- 
grams are  then  to  be  constructed  on  this  scale,  in  such  a  way 
that  the  number  of  symbols  can  be  readily  estimated  at  tk 
greatest  distance  at  which  the  rod  is  to  be  read.     The  individ- 
ual symbols  should  be  at  least  three  inches  across;  so  that, if 
one  of  these  is  to  represent  ien  uniis^  as  yards  or  metres,  then 
100  units  will  cover  2^  feet,  and  a  rod   14  feet  long  wiil  read  a 
distance  of  560  units  (yards  or  metres).     If  it  is  desired  to  read 
distances  of  a  quarter  of  a  mile  or  more,  the  rod  should  be 
graduated  to  read  to  yards  (or  five-foot  units,  or  metres);  but 
if  it  is  not  to  be  used  for  distances  over  500  to  1000  feet,  it 
might  be  graduated  to   read  to  feet*     This  question  must  be 
decided  before  the  wires  are  set,  and  then  they  must  be  spaced 
accoidingly; 

In  measuring   the  base^  care  should   be   taken    to   test  the 
chain  or  tape  carefully  by  some  standard. 

If  the  rod  is  to  be  graduated  to  read  to  leet^  of  course 
the  base  should  be  some  even  hundreds  of  feet,  as  60a 
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In  Fig,  63  are  shown  four  designs  for  stadia^ rods  which 
have  been  long  in  use,  and  arc  found  to  work  well  They  are 
intended  to  be  all  in  black  on  a  white  ground.*  It  will  be 
noticed  that  the  shortest  lines  in  these  diagrams  alt  cover  a 
space  of  tw&  unks  on  the  rod.  In  diagrams  2  and  3  the  units 
are  either  yards  or  metres,  while  in  I  they  are  units  of  five 
feet  each-     In  diagram  4  the  units  are  of  two  feet  each.     The 
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successive  units  are  found  at  the  middles  and  limits  of  these 
lini's  and  spaces.  Wherever  the  wire  falls,  there  should  be  a 
wkkc  ground  on  some  part  of  the  cross*scctioii  ;  and  the  more 

-*liitc  ground  the  better^  provided  the  figures  are  distinct. 
Tile  black  paint  may  be  put  on  heavy,  so  that  one  coat  will  be 
sufficient. 

The  50-  and  lOO-unit  marks  should  be  distinguished  by 
special  designs*  There  should  usually  be  at  least  two  boards 
with  each  instrument,  and  sometimes  three  and  four  are  needed. 
Of  course,  these  are  all  duplicates.     After  the   unii  scale  is 

k obtained,  or  the  space  on  the  rod  corresponding  to  a  hundred 
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units  in  distance^  these  loo-unit  spaces  should  be  sodistribuW 
as  to  be  symmetrical  mitk  reference  to  the  ends  of  the  r&d.  Thi 
reason  of  this  will  appear  later.  Having  deternnined  how  mail 
loo^unit  spaces  there  will  be  on  the  rod,  fix  the  position  of  th 
two  end  loo-unit  symbols  with  reference  to  thissymmetiy^ai 
then  the  rod  is  subdivided  from  these  points. 

Special  pains  should  be  taken  to  have  the  angular  points  fl 
the  diagrams  well  defined  and  in  position.  These  points  af 
on  the  lines  of  subdivision  of  the  rod. 

After  one  rod  is  subdivided,  the  others  of  that  set  mayh 
laid  alongside,  and  all  fastened  rigidly  together  ;  and  then,  bj 
means  of  a  try-square  or  T-square,  the  remaining  rods  may  b 
marked  off. 

The  wire  interval  should  be  tested  ever>' few  months  b 
remeasuring  a  base,  as  was  done  for  graduation,  and  readiJi^ 
the  rod  on  it,  to  see  if  this  shows  the  true  measured  distance 
This  is  to  provide  against  a  possible  change  in  the  value  of  thi 
wire  interval.  If  the  wires  are  stretched  reasonably  tight  whei 
they  are  put  in,  they  seldom  change,  If  they  are  too  Iods^ 
they  swell  in  ^vet  weather,  and  may  sag  some.  The  reticule 
should  be  so  firm  that  the  variable  strain  on  the  adjusting 
screws  will  not  distort  it  appreciably. 

If  the  wire  interval  is  found  to  have  changed,  either  th< 
rods  must  be  regraduated,  or  else  a  correction  must  be  road! 
to  all  readings  of  importance*  What  are  called  the  **si4 
shots,"  which  make  up  a  large  proportion  of  the  reading 
taken,  would  not  need  to  be  corrected. 

If  the  vi'ires  are  adjustable,  any  unit  scale  may  be  chosen 
at  pleasure*  and  the  wires  adjusted  to  this  scale.  Then,  if  tii^ 
intervals  change,  the  matter  is  corrected  by  adjusting  the 
wires.  The  adjustable  wires  are  generally  used  to  obtain  dif 
tances  from  level! ing-rods,  where  it  is  desirable  that  each  fool 
on  the  rod  shall  correspond  to  a  hundred  feet  in  distance*  Fo| 
the  ordinary  stadia-rods,  fixed  wires  are  preferable. 
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GENERAL  TOPOCRArHICAL  SURVEYINa* 

209,  The  Topography  of  a  region  includes  not  only  the 
character  and  geographical  distribution  of  the  surface-cover- 
ing,  but    also    the  exact    configuration  of   that    surface  with 
reference  to  its  elevations  and  depressions.     Thus  any  point 
is  geographically  located  when  its  position  with  reference  to 
ajiy  chosen  point  and  a  meridian  through  it  is  found,  but  to 
he  topographically  located  its  elevation  above  a  chosen  level 
surface  must  also  be  known,     A  topographical  survey  consists 
in  locating  by  means  of  three  codrdinates  a  sufficient  number 
of  points  to  enable  the  intervening  surface  to  be  known  or 
inferred   from  these*     Evidently  the  points  chosen  should  be 
such  as  would  give  the  greatest  amount  of  information*     As 
for  geographical  outline,  the  corners,  turns,  or  other  critical 
points  are  chosen^  so  for  configuration  the  points  of  change: 
in  slope,  as  the  tops  of  ridges  and  bottoms  of  ravines,  or  the 
brow  and   foot  of  a  hill,  are  chosen  as  giving  the  greatest 
information. 

^10*  Field-work.^Let  it  be  required  to  make  a  topo- 
graphical survey  of  either  a  small  tract,  a  continuous  shore- 
line, or  of  a  large  area,  for  the  purpose  of  making  a  contour 
map* 

In  case  of  the  small  tract,  any  point  may  be  taken  as  a 
point  of  reference,  and  the  survey  referred  to  it  as  an  origin. 
In  case  of  an  extended  region,  a  series  of  points  should  hf 
determined  with  reference  to  each  other,  both  in  geographical 
position  and  in  elevation.  These  determined  points  should 
not  be  more  than  about  three  miles  apart »  The  points  of  ele- 
vation or  bench-marks  need  not  be  identical  with  those  fixed 
in  geographical  position.  These  last  are  best  determined  by  a 
system  of  triangulation,  and  are  called  "  triangulation  stations," 

*  See  Appendix  F  for  field  methods  used  on  tb«  Mbsissippi  River  Survey, 
Mti  !ool-note,  p.  662.  For  a  compleie  treatise  on  Photographic  Sun-eyfrig:.  by  E, 
^ifille,  Surveyor  General  of  Public  Lands  for  the  Domitiion  of  Canada,  ftpply  to 
t!vc  Grtvemment  Printmg  Bureau  ^  Ottawa,  Canada.  The  book  contains  2j^  pages 
*^fl  many  cuts. 
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First,  a  system  of  triangulation  points  is  established,  ll 
angles  observed,  azimuths  and  distances  computed,  and 
stations  plotted  to  scale  on  the  ssheet  which  is  to  contain 
map.     This  plotting  is  best  done,  for  small  areas,  by  compi 
in  If   the    rectangular   coordinates  (latitudes   and    departures]^ 
and   plotting  theni   from  fixed  Unes  which  have  been  drawn 
upnn  the  map,  accurately  dividing  it  into  squares  of  lOOOuf 
5000  units  on  a  side.     They  may,  however;  be  plotted  directly 
from  tlie  polar  coordinates  (azimuth  and  distance)  as  given  by 
the  triangulation   reduction.     For  this  purpose,  the  sheet  on 
which  the  map  is  first  drawn,  called  ih^  field  shitty  should  ba\^ 
a  protractor  circle  printed  upon  it,  about  twelve  inches  in  diam^ 
ctiT*     T\\€^G  protractor  sAects  of  drawing-paper  can  be  obtahied 
of  most  dealers  in  drawing-matenals,  or  the  protractor  circle 
may  be  printed  to  order  on  any  given  size  or  quality  of  paper* 
These  protractor  circles  are  very  accurate,  and  are  graduati 
to  15'  of  arc.     Plotting  can  be  done  to  about  the  nearest  S'. 

Second,  a  line  of  levels  is  run,  leaving  B,M/s  at  convcmei 
points  whose  elevation   are  computed,  all    referred  to  a  coi 
mon   datum.     If  the  As  are  not  also  B.M/s.  then  a  B. 
should  be  left  in  the  near  vicinity  of  each  A.     This  is  not 
essential,  however. 

Third,  tlie  topographical  survey  is  then  made,  and  refei 
to,  or  hung  upon,  this  skeleton  system  of  As  and  B.M. s. 

The  topographical  party  should  consist  of  the  observer* 
recorder,  two   or   three  stadia-men,  and  as  many  axemen 
may  be  necessary,  generally  not  more  than  two. 

The  azimuth,  preferably  referred  to   the  true  meridianjJ 
known  for  every  line  joining  two  As,  as  well  as  the  length 
such  tine. 

Set  up  the  transit  over  a  A»  and  set  the  horizontal  cifcl< 


•  Messrs*  Queen  Sl  Co..  Philadelphia,  or  BbUner  &  Adam  of  St.  LoBii, «"  J 
farnish  such  sheets. 
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^which  should  be  graduated  continuously  from  o"^  to  360°  in 
the  direction  of  the  hands  of  a  watch)  so  that  vernier  A  will 
read  the  same  as  the  azimuth  of  the  triangulation  line  by  which^ 
the  instrument  is  to  be  oriented.  Clamp  the  plates  in  this 
position,  and  set  the  telescope  to  read  on  the  distant  A,  Now 
damp  the  instrument  below,  so  as  to  fix  the  horizontal  limb, 
and  unclamp  above.  The  azimuths  of  the  triangulation  lines 
arc  generally  referred  to  the  south  point  as  the  zero,  and  in 
small  systems  of  this  sort  the  for%vard  and  back  azimuths  are 
taken  to  be  180°  apart.  When  the  instrument  has  been  set 
and  clamped,  all  subsequent  rcfadings  taken  at  that  station  are 
given  in  azimuth  by  the  readings  of  vernier  A  on  the  harizon- 
tal  limb.  For  any  pointing,  tlierefore,  the  reading  of  this 
vernier  gives  the  azimuth  of  the  point  referred  to  the  true 
meridian,  and  the  rod  reading  gives  the  distance  of  the  point 
from  the  instrument  station.  These  enable  the  point  to  be 
plotted  on  the  map.  To  draw  the  contour  lines,  elevations 
must  also  be  known. 

If  the  elevation  of  the  A  is  known,  measure  the  height  of 
instrument  (centre  of  telescope)  above  the  A  on  the  stadia,*  as 
soon  as  the  instrument  is  levelled  up  over  that  station.  Sup- 
pose this  comes  to  the  212-unit  mark.  Write  in  the  note-book, 
as  a  part  of  the  general  heading  for  that  station,  **  Ht.  of  Inst, 
=^2J2.**  Then,  for  all  readings  from  that  station  for  cleva* 
tbns,  bring  the  middle  horizontal  wire  to  the  2!2-imit  mark 
on  the  rod,  and  read  the  vertical  angle.  From  this  inclination 
and  distance,  the  height  of  the  point  above  or  below  the 
instrument  station  is  found.  If  the  rod  be  graduated  sym- 
metrically with  reference  to  the  two  ends,  one  need  not  be 
careful  always  to  keep  the  same  end  down,  and  so  errors  from 
Ihis  cause  are  avoided. 


[^*0r,  if  preferred,  a  light  staff  *about  five  feci  long,  may  be  carried  with  the 
ttment  Tor  this  purpose,  it  bein^f  graduated  the  same  as  the  stadia  rods  im 
\  iDitniment* 
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The  record  in  the  note-book  consists  of — 

1st-  A  Di'scriptwn  of  the  Pointy  as,  *'  N,E.  cor,  of  house.' 
"  intersec.  of  roads,"  **top  of  bank/'  '*CP<**  for'*  contour 
point/'  which  is  taken  only  to  assist  in  drawing  the  contours, 
*'  Q  16  '*  for  "  stadia  station  16/*  etc, 

2d.  Reading  of  Ver.  A. 

3d,  Disiancc. 

4th.   Vert.  Angle. 

These  four  columns  are  all  that  are  used  in  the  fidd 
There  should  be  two  additional  columns  on  the  left-hand  page 
lor  reductions,  viz. : 

5th.  Difference  of  ein^ation,  corresponding  to  the  giw 
vertical  angle  and  distance,  and  which  is  taken  from  a  table  < 
diagram. 

6th.  Eievaiion,  which  is  the  true  elevation  of  each  poii 
referred  to  the  common  datum. 

The  right-hand  page  should  be  reserved  for  sketching* 

It  will  be  found  most  convenient  to  let  the  sketching  pro 
cced  from  the  bottom  to  the  top  of  the  page ;  as  in  thiscas 
the  recorder  can  have  his  book  properly  oriented  as  he  holi 
it  open  before  him,  and  looks  forward  along  the  line.  Th 
notes  may  advance  from  top  to  bottom*  or  tnee  versa,  as  d 
sired.  If  there  are  many  *'side  shots'*  from  each  instruincfll 
station,  one  page  will  not  usually  contain  the  notes  formoi 
than  two  stations,  and  sometimes  not  even  for  one. 

The  sketch  is  simply  to  aid  the  engineer  when  he  comes 
plot   the  work»  and  may  often  be  omitted   altogether.    OfW 
ioon  becomes  accustomed  to  impressing  the  characteristics 
a  landscape  on  his  memory  so  as  to  be  able  to  interpret  hi 
notes  almost  as  well  as  though  he  had  made  elaborate  sketch 
For  beginners  the  sketches  should  be  made  with  care.    Th 
observer  should  usually  make  his  own  sketches  and  piot  hi 
own  work. 

After  the  instrument   is  oriented   over  a  station,  and  i1 


Iieigbt  taken  on  the  stadia,  the  stadiar^Des  go  about  boWng 

liherods  at  all  points  wbidi  are  to  be  plotted  021  tbe  map, 

ither  in  position  or  in  elevation,  or  botiu     The  ciioice  ol  poiots 

depends  altogether  on  the  character  of  tbe  sof¥e^;  but  sinoe 

a  single  holding  of  the  rod  gi%-es  the  three  coordinates  of  any 
point  within  a  radius  of  a  quarter  of  a  mile  it  is  evident  the 
method  is  complete,  and  that  all  necessary  tnformanon  can 
thus  be  obtained.  For  very  long  ^ghts,  the  partial  wire  inter- 
val?? (intervals  between  an  cxtrctne  and  the  middle  wire)  may 
be  read  separately  on  the  stadia,  and  in  this  way  twice  as  great 
a  distance  read  as  the  rod  was  designed  fon  The  limit  ol 
good  reading  is,  however*  usually  determined  by  the  state  of 
the  atmosphere,  rather  than  by  the  len^h  of  the  rod-  When 
the  air  is  very  tremulous,  good  readings  cannot  be  made  over 
distances  greater  than  500  feet ;  while,  when  the  atmosphere 

tvtry  steady,  a  half-mile  may  be  read  with  equal  facility*         • 
Before  tbe  instrument  is  removed    from  the  first  station, 
c  forward   stadia-man  selects  a  suitable  site  for  the  next 
strument  station  (generally  called  s/adia  x/a/rW.  and  marked 
(Eto  distinguish  it  from  a  triangulation  station.  A),  and  drives 

ttcg  or  hub  at  this  point  This  peg  is  to  be  marked  in  red 
ilk,  with  its  proper  number,  and  should  have  a  taller  mark- 
ing.stake  driven  by  the  side  of  it.  The  peg  for  the  0  should 
be  Urge  enough  to  be  stable  ;  for  it  must  serve  as  a  reference 
point,  both  in  position  and  elevation,  during  the  period  of  the 
Fjiirvey.  It  is  often  desirable  to  start  a  branch  line,  or  to 
■kplicate  some  portion  of  the  work,  with  one  of  these  stations 
a^  the  starting-point:  and.  since  each  El  is  determined,  in 
posUion  and  elevation,  with  reference  to  all  the  others,  one 
can  start  a  branch  line  from  one  of  these  as  readily  as  from  a 
It  is  not  usually  necessary  to  put  a  tack  In  the  top,  but 
centre  may  be  taken  as  the  point  of  reference.  The  stadia- 
n  first  holds  his  stadia  carefully  over  the  centre  of  this  H, 
'A  its  edge  towards  ike  insirumcni,  so   as   to   enable   the 
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observer  to  get  a  more  accurate  setting  for  azimuth. 
observer  could  just  as  well  bisect  the  face  of  the  rod;  but, I 
held  in  this  position,  the  centre  of  the  rod  may  not  be 
nearly  over  the  centre  of  the  peg  as  when  held  edgewis 
This  holding  of  the  rod  edgewise  for  azimuth  checks  the  can 
lessness  of  the  stadia-man,  and  is  done  oniy  for  readings 
instrument  stations. 

At  a  signal  from  the  observer,  the  stadia  is  turned  with  its 
face  to  the  instrument,  and  the  observer  reads  the  distance  and 
vertical  angle. 

It  is  advisable,  in  good  work,  to  re-orient  and  relevel  the 
instrument  just  before  reading  to  the  forward  Ef.  The  transit 
is  very  apt  to  get  out  of  level  after  being  used  for  some  time, 
with  more  or  less  stepping  around  it,  and  the  limb  may  have 
shifted  sHghtly  on  the  axis,  both  of  which  might  be  so  ,<lrg]il 
'as  to  make  no  material  difference  for  the  side  readings,  but 
which  would  be  important  in  the  continued  line  itself.  It  is 
best,  therefore,  to  level  up  again,  and  reset  on  the  back  station, 
before  reading  to  the  forward  one.  If  it  is  inconvenient  fof 
the  rear  rod  man  to  go  back  to  this  station  to  give  a  reading,  a 
visible  mark  should  be  left  there,  to  enable  the  observer  to 
reset  upon  it  for  azimuth,  as  it  is  not  necessary  to  read  distance 
and  vertical  angle  again. 

When  the  instrument  is  moved,  it  is  set  up  over  the  nc 
station,  and  the  new  height  of  instrument  determined  and 
recorded.  The  rear  stadia-man  is  now  holding  his  rod,  edge 
wise,  on  the  station  just  left:  and  by  this  the  observer  orients 
his  instrument,  making  vernier  A  read  iSo*^  difftrent  frmt  its 
pnruiotts  reading  on  this  line.  Clamping  the  plates  at  this 
reading,  the  telescope  is  turned  upon  the  rod  on  the  back  sta- 
tion, and  the  lower  plate  clamped  for  this  position.  The  cirde 
is  now  oriented,  so  that,  for  a, zero-reading  of  vernier  A,  the 
telescope  points  south. 

//  wiil  be  noted  that  the  telescope  is  never  reversed  im  this  wcfk 
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The  distance  and  vertical  angle  should  both  be  reread,  on 
this  back  reading,  for  a  check.  If  the  vertical  circle  is  not  in 
exact  adjustment,  this  second  reading  of  the  vertical  angle  will 
show  it,  for  the  numerical  value  of  the  angle  should  be  the 
same,  with  the  opposite  sign-  If  they  are  not  the  same,  then 
the  numerical  mean  of  the  two  is  the  true  angle  of  elevation, 
and  the  difference  between  this  and  the  real  readings  is  the 
index  error  of  the  vertical  circle.  This  error  may  be  corrected 
in  the  reduction,  or  the  vernier  on  the  vertical  circle  may  be 
adjusted. 

The   second    reading  of  the  vertical  angle  on  the  stadia- 
stakes  is  thus  seen  to  furnish  a  constant  check  on  the  adjust- 
ment   of  the  vertical  circle,  and    should  therefore  never  be 
neglected.      If   the   circle   is   out  of   adjustment   by  a  small 
amount,  as  one  minute  or  less,  in  ordinary  work  it  would  not 
be  necessary  either  to  adjust  it  or  to  correct  the  readings  on 
side-shots,  for  the  elevations  of  contour  points  are  not  required 
with  such  extreme  accuracy.     The  mean  of  the  two  readings 
on  stadia-stakes  would  still  give  the  true  difference  of  elevation 
between  them,  so  that  there  would  be  no  continued  error  in 
the  work. 

The  work  proceeds  in  this  manner  until  the  next  A  is 
reached.  In  coming  to  this  station,  it  is  treated  exactly  as 
though  it  were  a  newE;  and  the  forward  reading  to  it,  and 
the  back  reading  from  it,  are  identical  with  those  of  any  two 
consecutive  E's*  Having  thus  occupied  the  second  A,  and 
having  oriented  the  instrument  by  the  last  0.  turn  the  tele- 
Kope  upon  some  other  A  whose  azimuth  from  this  one  is 
known.  The  reading  of  vernier  A  for  this  pointing  should  be 
this  azimuth,  and  the  difference  between  this  reading  and  the 
bown  azimuth  of  the  line  is  the  accumulated  error  in  azimuth 
dtie  to  carrying  it  over  the  stadia  line.  This  error  should  not 
exceed  five  minutes  in  the  course  of  two  or  three  miles  in  good 
work. 
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The  check  in  distance  is  to  be  found  from  plotting  the  line, 
or  from  computing  the  coordinates  of  the  single  triangiilation 
line,  and  also  of  the  meandered  line^  and  comparing  the  it 
suits. 

The  elevations  are  checked  by  computing  the  elevation  of 
the  new  A  from  the  stadia  line,  and  comparing  this  with  the 
known  elevation  from  the  line  of  levels* 

In  case  the  elevations  of  the  A's  are  not  given,  but  only 
certain  B,M- s  in  their  vicinity,  then  the  check  can  be  made 
on  these  just  the  same.  Thus,  in  starting*  read  the  stadia  oti 
the  neighboring  B,M*,  and  from  this  vertical  angle  compute  the 
elevation  of  the  A  over  which  the  instrument  sets,  and  thm 
proceed  as  before.  In  a  similar  manner,  the  check  for  ekvi^ 
tion  at  the  end  of  the  line  may  be  made  on  a  B.M.  as  wcllai 
on  the  A. 

A  quick  observer  will  keep  two  or  three  stadia^men  busy 
giving  him  points;  so  that  in  fiat,  open  country,  with  iotif 
sights,  it  may  be  advisable  to  have  three  or  even  four  stadia* 
men  for  each  instrument.  In  hilly  country  more  time  will  be 
required  in  making  the  sketches,  and  hence  fewer  stadfa-incii 
are  required. 

After  the  instrument  is  oriented  at  each  new  station,  lie 
needle  should  be  read  as  a  check.  To  make  this  needle-read 
ing  agree  with  the  readings  of  the  verniers  on  the  horizontal 
circle  (the  north  end  with  vernier  A,  and  the  south  end  witl 
vernier  B,  for  instance),  graduate  an  annular  paper  disk  lh< 
size  of  the  needle-circle,  and  figure  it  continuously  f rom  0°  t( 
360^,  iii  the  reverse  direction  to  thai  on  the  hori^antai  iimb  ^f 
the  instrument,  and  paste  it  on  the  graduated  needle-circle  i 
such  a  position  that  the  north  end  of  the  needle  reads  ttu 
when  the  telescope  is  pointing  south.  If  the  variation  is  6^ 
east,  this  will  bring  the  zero  of  the  paper  scale  fi**  east  of  soutl 
on  the  needle-circle.  This  position  of  the  paper  circle  is  thq 
good  within  the  region  of  this  variation  of  the  needle.  When 
the  survey  extends  into  a  region  whero  the  variation  is  diflcr 
ent,  the  scale  will  liave  to  be  reset. 
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With  these  conditions,  when  the  instrument  is  oriented  for 
^leroreading  when  the  telescope  is  south,  the  reading  of  the 
north  end  of  the  needle  wil!  always  agree  with  the  reading"  of 
Arernier  A,  and  the  south  end  with  vernier  B.  It  is  so  easy  a 
wnatter  to  let  the  needle  down,  and  examine  at  each  El  to  see  if 
this  be  so,  that  it  well  pays  the  trouble.  No  record  need  be 
made  of  this  reading,  as  it  is  only  used  to  check  large  errors. 

211;  Reducing  the  Notes.*"— The  only  reduction  necessary 
<in  the  notes  is  to  find  the  elevation  of  all  the  points  taken,  with 
leference  to  the  fixed  datum,  and  sometimes  to  correct  the 
dbtancc  read  on  the  rod  for  inclined  sights.  The  diflference  of 
elevation  between  the  H  and  any  point  read  to,  as  well  as 
the  correction  to  the  horizontal  distance*  can  be  taken  from 
Table  V,  as  given  on  pp.  772-779.  The  method  of  using  this 
tibk  has  been  explained  at  length  on  p<  248,  A  very  accurate 
and  by  far  the  most  expeditious  method  of  taking  out  these  dif* 
ftjrences  of  elevation  is  by  means  of  the  Colby  Slide  Rule  shown 
in  Fig*  63??*    This  is  a  slide  rule  50  inches  long,  graduated  so  as  to 
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ve  diflTerences  of  elevation  for  any  distance  and  for  any  an^le 
I  to  nineteen  degrees.  In  addition  to  giving  the  differences 
[elevation  in  the  same  unit  (and  it  is  immaterial  wMi  unit) 
measure  used  in  reading  the  distances,  this  slide  rule  will 
give  with  equal  facility  the  differences  of  elevation  in  feei 
when  the  distances  are  read  in  either  meters  or  yards.  Fig,  63a 
shows  only  about  one-tenth  of  the  slide  rule,  reduced  one-half. 
h  is  for  sale  by  leading  dealers*  and  by  B,  H.  Colby,  St,  Louis, 
Mo.  After  the  differences  of  elevation  are  taken  out,  the  final 
tlcvations  of  the  points  are  to  be  computed  by  adding  algebra* 
kaily  the  difference  of  elevation  to  the  elevation  of  a. 
The  following  is  a  sample  page  with  these  reductions: 

*  Sec  noic  oji  p.  iSo^. 
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April  20, 
AtEl4. 


Hl  of  Inst  =  87- 


Gazzam,  Obstn^if. 
Elevation  =  24.9^ 


Object, 


B3  ^- .^ 

Bridge  ........* 

S.E.  cor,  of  house 

Oci  road  ...,«,>,,.,,*.. 

Waier-ievel,  foot  of  bill. 

Qs ^ 

CP.,.., 


Ver,  A. 


328"  10' 
ia?"  40' 
143°  3S' 
iSo*  35' 
230  "*  15' 
128*  33'  30' 
190'  48 


Distance. 


yds. 
199 

70 

90 

U4 

216 
210 


Vert. 
Aflgkn 


—  O    10 
+  o"  32' 

+  0*15' 
+  0^    7' 

4"  i'   2' 


Ditferenjce 

of 
EkvatioitL 


—  1    56 

+  07 

—  10'  9 

+io\38 
+11.4 


At  B  5.      Ht.  of  Inst*  =  78.      Mean  =  +  10^26,    3S',2e 


0  4.^--^ ,,...,., 

S.  W ,  cor,  of  house* , 

Edge  of  bank *,,* 

S.E-  cor.  of  R,R,  aiation. 
Railroad  track, , 


H6 


308**  33^  30" 

2IS 

-  0^  54' 

—  10^13 

43^^  3i>' 

104 

+  3^    3\ 

+i6'.o 

332"  ro' 

98 

+  1-57' 

+i©*.i 

as^  30' 

J58        , 

+  1^    2', 

+  S'.S 

43'  5S^ 

40 

+  2V53' 

+  6'.o 

79*  30' 

270 

+  0'    9' 

+  2'.I 

79'  30^ 

200 

^0-    2' 

—  o'.36 

At  E3  6.     Ht.  of  Inst.  =  79.     Mean  =  —  o'.54.      34'.66 


Es 

Cor.  of  bouse. 
Top  of  hill . . . 
Wagon  road.. 

H  S 

C.P . 

H7 


259  30 

»77'  55' 
87^  25' 
SS'^  15' 

40"  37' 

41' 45' 
S'25' 


200 

+  0'   4V 

4-  0\}2 

113 

+  3^a6' 

+i9'-7 

198 

+  4' 48' 

+49^3 

136 

+  4^25' 

+4a'.9 

a  16— 3 
213 

+  6- 33V 

+73'.S1 

III 

+  4"4t' 

+27^o 

194 

+  0*12^ 

+    2'.04 
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It  will  be  noted  that  the  reading  on  H  5  from  04  has  a 
tance  of  216  yards,  und  a  vertical  angle  of  +0**  55';  while 
the  back  reading,  from  S  S  to  [3  4  the  distance  is  215  yards, 
ttitj  the  vertical  angle  —  0°  54'.  The  distance  was  probably 
-tiveen  215  and  216  yards,  and  the  vertical  circle  was  prob- 
ly  slightly  out  of  adjustment.  The  difference  of  elevation 
taken  out  for  both  cases,  however,  being  respectively  10.38 
'^et  and  IO.13  feet.  The  mean  of  these  is  10.26  feet,  which 
stands  as  a  part  of  the  general  headitig  at  Q  5.  The  true 
^'evation  of  0  J  *s  then  found  by  adding  10.26  to  24.94, 
giving  35»2o  feet,  which  is  also  set  down  as  part  of  the  general 
heading- 

The  elevations  on  the  side-readings  from  this  station  can 
^ow  be  taken  out.     These  side-elevations  are  only  used  for 
obtaining  the  contours,  and  hence  are  only  taken  out  to  tenths 
^f  a  foot.     When  the  contours  are  ten  feet  apart  or  more, 
these  side-elevations  need  only  be  taken  out  to  the  nearest 
(oat.     The  elevations  uf  the  stadia  stations  should,  however, 
always  be  taken  out   to  Imndredths,  to  prevent  an  accumula- 
tion of  errors  in  the  line- 

The  reduction  for  distance  may  be  taken  from  Table  V, 
p,  772,  as  it  cannot  be  found  with  the  Colby  slide-rule. 
This  correction  need  only  be  made  as  indicated  on  p.  249, 
and  it  is  to  be  always  subtracted  from  the  rod-reading. 
Thus,  in  the  reading  on  Q  8  from  H  6,  we  have  a  reading  of 
216  yards,  atid  a  vertical  angle  of  6°  33'.  The  correction  here 
k  2.16  X  1.3  =  2.8  yards,  as  found  from  the  table.  Calling  this 
5  yards  it  is  subtracted  from  the  216,  leaving  213  yards  as 
the  distance  to  be  plotted.  It  is  only  the  stadia-line  distances 
that  need  ever  be  corrected  in  this  way,  the  corrections  being 
usually  so  small  that  it  is  not  important  on  the  side-shots. 

It  will   be  noted  that  two  El*s  were  set  from  Q  6-     This 
was  done  because  a  branch-iine  was  n^  from  H6  over  the  ■ 
bluffs.     In  order  to  make  it  unnecessary  to  occupy  H6  again 
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when  the  branch-line  came  to  be  run,  B  8  was  set  whi 
iv'as  occupied  in  the  main-line  work.     When   the  brancMi 
came  to  be  run,  the  instrument  was  taken  directly  to  B  8,  ai 
oriented  on  H  6  by  the  readings  previously  taken  from  06, 

The  right-hand  page  of  the  note-book,  opposite  the  notes 
^iven  above,  is  occupied  with  a  sketch  of  the  locality,  withtk 
El*s  marked  on,  the  general  direction  of  the  contour  lines,  the 
railroad,  stream,  houses,  etc.* 

212.  Plotting  the  Stadia  Line. — It  is  customary  to  firn 
plot  the  stadia  stations  alone,  from  one  0  to  the  next,  to  find 
whether  or  not  it  checks  within  reasonable  limits.  This  part 
of  the  work  should  be  done  with  extreme  care,  so  that  if  it 
does  not  check  it  cannot  be  attributed  to  the  plotting.  In 
case  it  does  not  check  within  the  desired  limit,  then  the  line  of 
investigation  will  be  about  as  follows  until  the  error  is  found: 

1st,  Replot  the  stadia  line, 

2d,  Recompute  and  replot  the  triangulation  line, 

3d.  By  examining   the   discrepancy  on  the  plot,  try 
decide  whether  the  error  is  m  azimuth  or  distance,  ani 
possible,  where  such  error  occurred,  and  its  amount. 

4th.  Examine  the  note-book  carefully*  and  see  if  there  isai 
evidence  of  error  there. 

5th,  If  there  is  a  large  probability  that  the  error  is  ofj 
certain  character,  and  that  it  occurred  at  a  certain  place,  ti 
the  instrument  to  that  station,  set  it  up.  and  redetermine  tl 
azimuths  or  distances  which  seem  to  be  in  error 

6th.  If  there  is  no  high  probability  of  any  certain  errors 
be  examined  for  in  this  way.  then  go  back  and  run  the  lii 
over,  taking  readings  on  H  j  miy.  If  the  elevations  had  bi 
found  to  check,  the  vertical  angles  may  be  omitted  on  tl 
duplicate  line;  and,  oi\  the  other  hand,  if  the  plot  came  cutal 
right,  but  the  elevations  could  not  be  made  to  check,  tlien  J 
duplicate  Jine  must  be  run  to  determine  this  alone  ;  and  in  this 

*  These  notes  were  taken  from  a  field-book  of  a  topographical  survey  f 
Crive  CoBur  Lake  by  the  sngineering  siudcnis  of  Washington  Umvcrsiif. 


POGMAPBICAL   SURVEyL 


^^  the  vertical  angles  between  [3*s  are  all  that  need  be  read. 
^  Cases  of  this  kind,  it  will  be  found  a  great  help  to  have  the 
^  so  weil  marked  that  they  can  be  readily  found, 
Wth  reasonable  care  in  reading  and  in  the  handling  of  the 
^     ^i'ument,  it  will  never  be  necessary  to  duplicate  a  line  entire, 
^  alJ  readings  between  Q's  are  checked.     The  vertical  angles 
^         *^d  distances  are  checked  by  reading  them  forward  and  back 
*^^cr  every  stadia  line;  and   the  azimuth    is  checked   by  the 
r    **^edle  readings,  and  also  when  the  second  A  is  reached. 
*  If,  in  the  progress  of  the  work,  the  readings  on  the  back  E 

^T  distance  and  vertical  angle  do  not  fairly  agree  with  these 
^^antities  as  read  from  the  previous  station,  the  recorder 
should  note  the  fact  :  and  the  observer  should  then  re-examine 
^hese  readings;  and,  if  found  to  be  right,  the  first  readings, 
^aken  from  the  other  station,  should  be  questioned,  and  the 
^ean  not  taken  in  the  reduction. 

For  plotting  the  stadia  lines  a  parallel  ruler  (moving  on 
Pollers)  is  very  desirable ;  otherwise,  triangles  must  be  used* 
The  plotting  is  done  by  setting  the  parallel  ruler  or  triangle 
on  the  proper  azimuth  as  found  from  the  protractor  printed  on 
the  sheet,  moving  It  parallel  to  itself  to  the  station  from  which 
rhe  point  is  to  be  plotted,  and  drawing  a  pencil  line  in  the  right 
direction*  Then,  with  a  triangular  scale, — or,  better,  w^ith  a 
pair  of  dividers  and  a  scale  of  equal  parts, — lay  off  the  correct 
distance  on  this  line;  and  this  gives  the  point. 

If  the  instrument  was  oriented  in  the  field  (or  a  zero  read- 
ing for  a  south  pointing,  then  the  protractor  on  the  sheet  must 
have  its  south  point  marked  zero,  and  increase  around  to  360'' 
in  the  same  direction  in  which  the  limb  of  the  instrument  in- 
creases, preferably  in  the  direction  of  the  movement  of  the 
hands  of  a  watch. 

213,  Check  Readings^^To  enable  the  observer  to  locate 

Urge  errors  in  azimuth  or  distance,  or  both,  it  is  a  good  prac* 

ttce  to  take  azimuth  readings  to  a  common  object  from  a  series 

of  consecutive  stations,  if  such  be  possible.     If  the  plot  does 
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not  close,  go  back  and  plot  in  these  azimuths;  and  if  there 
been  no  error  in  azimuth  or  distance  between  H's,  and  not 
in  reading  the  azimuths  for  these  pointings^  then  alltheseli 
will  meet  in  a  common  point  on  the  plot.     If  all  but  one 
termediate  line  meet  at  a  point*  then  the  error  probably 
in  reading  the  azimuth  of  this  pointing  alone.     If  several 
the  first  pointings  intersect  in  a  poin,t,  and  the  remaining 
ings  of  the  set  taken  to  this  object  intersect  in  another  poii 
then  it  is  highly  probable  that  the  error  was  in  reading 
azimuth  or  distance  of  the  line  connecting  these  two  sets 
E*s;  and  the   relative  position  of  the  points  of  intcrscd 
will  enable  the  observer  to  decide  whether  the  error  was 
azimuth  or  distance,  and  about   how  much.     If,  in  this  w; 
the  error  be  located,  the  instrument  can  be  taken  tothispoi 
and  the  readings  retaken. 

21^.  Plotting:  the  Side-reading^s.— Having  plotted 
stadia  line  and  made  it  cheeky  the  next  step  is  to  go  back  11 
plot  in  the  side-readings.  For  doing  this,  a  much  more  ra| 
method  may  be  used  than  that  described  above- 
Divide  the  sheet  into  squares  by  horizontal  and  vertM 
lines  spaced  uniformly  at  from  1000  to  5000  units  apart. 
cording  to  scale.  These  lines  are  to  be  used  for  orienting  ^1 
auxiliary  protractor,  and  also  to  test  the  paper  for  stretch 
shrinkage. 

The  side-readings  are  now  plotted  by  the  aid  of  a  pa| 
protractor,  such  as  is  shown  in  Fig,  64.  This  is  made  fro 
'regular  field-protractor  sheet.  The  graduated  circle  pOTitci 
on  the  sheet  is  used  ;  and  this  is  some  12  inches  in  diameter, 
and  graduated  to  15  minutes.  The  sheet  is  trimmed  down  to 
near  the  graduated  circle,  and  the  edges  divided,  as  shown  i** 
the  figure,  to  any  convenient  small  scale.**     This  sheet  is  to  be 

*  It  is  aometimes  desirable  to  make  (he  open  space  DFE  rcctangnlaF  in^ 
graduate  the  sides  of  the  space  A  BF  instead  of  ihe  outef  edges.  The  pr> 
tractor  can  then  be  used  nearer  the  edge  of  the  sheet. 
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l^ici  upon  the  plot,  with  its  centre,  C  coinciding  with  the  Q 
X^  is  oriented  by  bringing  the  corresponding  spaces  on  opposite 
2*tciges  to  coincide  with  any  one  of  the  spaced  lines  on  the 
lot  This  circle  then  has  its  position  parallel  to  that  of  the 
>tractor  circle  printed  on  the  sheet,  and  an  azimuth  taken 
>in  the  one  will  agree  with  an  azimuth  taken  from  the 
tiler.  When  this  auxiliary  protractor  has  been  so  centred 
yVted  oriented,  let  it  be  held  in  place  by  weights.  Now  the 
ADEB  folds  back,  on  the  line  AB,  into  the  position  indi- 
cted by  the  dotted  lines.     The  portion  DEF  is  cut  out  en- 
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tirely,  so  that  when  the  flap  is  turned  back  the  space  AFB 
is  left  open.  This  space  is  to  be  large  enough  to  include  the 
longest  side-readings  when  plotted  to  scale  ;  that  is,  the  radius, 
CFt  of  the  circle  to  the  scale  of  the  drawing  must  exceed  the 
longest  readings.  We  now  have  a  protractor  circle  about  the 
El  with  this  station  for  its  centre. 

Take  a  triangular  scale,  select  the  side  to  be  used  in  laying 
oflf  the  distances,  and  paste  a  piece  of  strong  paper  on  the 
lower  side  at  the  zero  point.     Make  a  needle-hole  through  this 
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paper  close  to  the  edge,  at  the  zero  of  the  scale.     Fastens 

needle  through  this  hole  into  the  point  which  marks  the  esad 
position  of  the  Q     The  scale  can  now  swing  freely  around  the  I 
needle,  on   the  auxiliary  protractor;  and   its  zero   remains  at  I 
the  centre  of  the  station  from  which  the  points  are  to  k] 
plotted. 

To  plot  any  point,  swing  the  scale  around  to  the  proper 
azimuth,  and  at  the  proper  distance  mark  with  the  pencil  the 
position  of  the  point.  If  this  marks  a  feature  of  the  laird- 
scape,  it  should  be  drawn  in  at  once,  before  going  farther;  and] 
if  the  elevation  of  the  point  will  be  needed  in  sketching  the] 
contours,  this  should  also  be  written  in,  For  contour  points, 
the  elevation  is  all  that  is  put  down. 

In  this  manner  the  points  can  be  plotted  very  rapidly,  A 
six-inch  triangular  scale,  divided  decimally,  will  be  found  best 
for  this. 

I(  there  is  very  much  of  this  work  to  be  done^  it  might  be 
found  advisable  to  have  a  special  scale  constructed  for  the ' 
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purpose,  Fig>  65  is  one  form  of  such  a  scale  drawn  one-tbirdl 
size,  which  would  be  found  very  convenient  and  cheap.  ItJ 
should  be  graduated  on  a  bevel  ^dg^,  and  to  such  a  scale  that] 

[the  units  of  distance  used  on  the  rod  may  be  plotted  to  the 
scale  of  the  drawing;  The  small  necdle^hoie,  in  line  with  the 
graduated  edge,  should  be  only  large  enough  to  fit  the 
needle-point  used,  so  that  there  would  be  no  play*  The  rule 
then  turns  on  an  accurate  centre,  which  will  not  tvean  Such 
scales,  six  Inches  long,  could  be  constructed  ver>"  cheaply  of 

[German  silver  by  any  instrument-maker. 
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form  of  protractor,  shown  in  Fig.  66,  has  also 
&d  with  great  success  in  France  and  on  the  Mississippi 
irveys** 
i   essentially   a  semicircular  protractor,  provided  with 


Fig.  66. 


*  Manufactured  by  Muhn  &  Co.,  St.  Louis,  Mo, 
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a  needle-pointed  pivot  at  its  centre,  and  having  the  straight 
edge  graduated  so  that  distances  can  be  measured  off  ead 
way  from  the  pivot  \  the  angular  deflection  is  g\vtn  by  the 
graduated  circle,  reading  from  a  point  marked  on  the  paper. 
The  bottom  of  the  plate  is  flush  with  the  bottom  of  the  pro- 
tractor, and  the  hole  F  is  at  the  centre,  and  shouLd  be  only 
large  enough  to  admit  a  fine  needle.  The  screw  D  has  a  hole 
drilled  in  its  axis  to  admit  the  needle-point.  It  is  also  splitt 
so  that  when  it  is  screwed  down  it  will  clamp  the  needle 
firmly.  If  the  latter  is  broken,  it  can  readily  be  replaced  hyi 
new  one.  In  addition  to  the  scale  on  the  beveled  edge,  a 
diagonal  scale  is  also  provided  as  shown.  This  instrunjent 
combines  all  the  requisites  for  rapid  and  accurate  plotting  of 
points  located  by  polar  co-ordinates  or  by  intersections. 

In  using  this  protractor  the  needle-point  is  placed  at,  say, 
the  first  station,  and  pressed  firmly  down,  A  meridian  litieis 
then  decided  upon^  and  a  point  is  marked  on  it  at  the  outer 
edge  of  the  protractor  circle.  This  will  be  the  initial  point 
from  which  the  angles  will  be  read.  As  azimuth  is  read 
from  the  south  around  by  the  west,  it  is  plain  that  the  circlcT 
numbered  as  shown  and  revolved  about  the  pivot  till  the 
proper  reading  coincides  with  the  meridian  Hne,  will  give  the 
direction  of  the  required  point  along  the  graduated  diameter, 
while  from  the  latter  the  distance  can  be  pricked  oflf.  A  point 
can  be  plotted  in  any  direction  without  lifting  the  protractar 
from  its  position. 

In  going  to  the  second  station  it  is  not  necessary  to  draw 
a  meridian  line  through  it*  The  aztmuth  between  the  first 
^nd  second  stakes  being  known,  if  the  pivot  be  set  at  the  lat- 
ter, and  the  protractor  revolved  so  that  the  straight  edge  coin 
cides  with  the  line  passing  through  the  two  stakes,  then  th< 
point  on  the  circle  corresponding  to  the  azimuth  of  the  line 
will  be  a  point  on  the  meridian  line.  This  point  being  markec 
on  the  paper  is  the  origin  for  the  angles  plotted  from  thi 
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.second  station,  and  it  is  evident  that  they  will  bear  the  proper 
•  relations  to  the  points  plotted  from  the  first  station. 
I  Other  methods  are  employed  for  plotting  the  side  shotSj 
such  as  solid  half-circle  protractors,  of  paper  or  horn,  weighted 
in  position,  with  their  centres  over  the  station.  This  is  ori* 
ented  on  a  meridian  drawn  through  the  point,  and  then  all  the 
points  plotted  whose  azimuth  falls  between  o**  and  i8o^,  when 
the  protractor  is  laid  over  on  the  other  side,  and  the  remaining 
points  plotted.  In  this  case  the  ruler  is  laid  across  the  pro- 
tractor, with  some  even  division  at  the  station.  This  method 
is  more  troublesome,  less  rapid,  and  defaces  the  drawing  more, 
than  the  otiier  methods  given  above.  The  plotter  should  have 
an  assistant  to  read  off  to  him  from  the  note-book*  When 
all  the  elevations  have  been  plotted,  the  contour  lines  are 
sketched  in. 

The  plotting  should  keep  pace  with  the  field-work  as  close- 
ly as  possible,  being  done  at  night  and  at  other  times  when  the 
field-work  is  prevented  or  delayed.  In  difficult  ground  the 
mapcouid  be  carried  into  the  field  and  the  contours  sketched 
in  on  the  ground.  At  least  the  stadia  lines  should  be  plotted 
up  and  checked  before  the  observer  leaves  the  immediate  locaU 
ity.  Where  the  elevations  are  checked  on  B<M<*s,  these  checks 
should  be  immediately  worked  out.     This  much,  at  least,  could 

tsdone  each  evening  for  that  day's  work. 
2lS  Contour  Lines.— In  engineering  drawings  the  config^ 
ition  of  the  surface  is  represented  by  means  of  contour  lines, 
contour  line  is  the  projection  upon  the  plane  of  the  paper  of 
t  intersection  of  a  horizontaK  or  rather  level,  plane  with  the 
surface  of  the  ground.  These  cutting  level  planes  are  taken, 
five,  ten,  twenty,  fifty,  or  one  hundred  feet  apart  vertically, 
beginning  with  the  datum-plane,  which  is  usually  taken  below 
any  point  in  the  surface  of  the  region*  Mean  sea-level  is  the 
universal  world's  datum  which  should  always  be  used  when 
a  reasonably  accurate  connection  with  the  sea   can  be   ob- 
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tained.*  Such  contour  lines  are  shown  on  Plate  IL  Thepro] 
drawing  of  these  contours  requires  some  accurate  knowledge 
the  surface  to  be  depicted,  aside  from  the  elevations  of  isolated 
points  plotted  on  the  map.  This  knowledge  may  consist  ofa 
vivid  mental  picture  of  the  ground^  derived  from  pergonal  ob- 
servationj  or  it  may  be  gained  from  sketches  made  upon  the 
ground.  Even  with  this  knowledge  the  draughtsman  must 
keep  vividly  in  mind  the  true  geometrical  significance  of  the 
contour  line,  in  order  to  properly  depict  the  surface  by  this 
means*  The  ability  to  draw  the  contour  lines  accurately  on  a 
field-sheet  is  the  severest  test  of  a  good  topographer  Tky 
are  first  sketched  and  adjusted  in  pencil  and  then  maybe 
drawn  in  ink. 

A  few  fundamental  principles  may  be  stated  that  will  assist 
the  young  engineer  in  mastering  this  art. 

1.  AI!  points  in  one  contour  line  have  the  same  elevation 
above  the  datum-plane. 

2,  Where  ground  is  uniformly  sloping  the  contours  must 
be  equally  spaced^  and  where  it  is  a  plane  they  are  also  straight 
and  parallel. 

3,  Contour  lines  never  intersect  or  cross  each  other. 

4.  Every  contour  line  must  either  close  upon  itself  or  ex- 
tend continuously  across  the  sheet,  disappearing  at  the  limits 
of  the  drawing.  It  cannot  have  an  end  within  these  limits  (ail 
apparent  exception,  though  not  really  one,  is  the  following). 

g.  No  contour  should  ever  be  drawn  directly  across  a 
stream  or  ravine.  The  contour  comes  to  the  bank,  turns  up 
stream^  and  disappears  in  the  outer  stream  line.  If  the  bed  of 
the  stream,  or  ravine,  ever  rises  above  this  plane,  then  the 
contour  crosses  it ;  but  in  the  case  of  a  stream  the  crossing  is 
never  actually  shown.  In  the  case  of  a  ravine  the  crossinii  is 
shownt  if  points  have  been  established  in  its  bed. 

6.  Where  a  contour  closes  upon  itself,  the  included  ai 
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*  Sec  in  Chapter  XIV.,  Precise  Levelling,  Art.  408. 
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is  either  a  hill-top  or  a  depression  without  outlet.  If  the 
latter,  it  would  in  general  be  a  pond  or  lake.  In  other  words, 
*i;uch  contours  enclose  either  maximum  or  minimum  points  of 
the  surface* 

7,  If  a  higher  elevation  seems  to  be  surrounded  by  lower 
ones  on  the  plot»  it  is  probably  a  summit;  but  if  a  lower  eleva- 
tion seems  to  be  surrounded  by  higher  ones,  it  is  probably  a 
a  ravine,  or  else  an  error:  otiicrwise  it  is  a  depression  without 
outlet,  in  which  case  there  would  probably  be  a  poo!  of  water 
shown. 

8-  Contour  lines  cut  all  lines  of  steepest  declivity,  as  well 
as  all  ridge  and  valley  lines,  at  right  angles. 

9.  Maximum  and  minimum  ridge  and  valley  contours  must 
go  in  pairs;  that  is,  no  single  lower  contour  line  can  intervene 
between  two  higher  ones,  and  no  single  higher  contour  line  can 
intervene  between  two  lower  ones, 

10.  Vertical  sections,  or  profiles,  corresponding  to  any  line 
across  the  map,  straight  or  curved,  can  be  constructed  from  a 
contour  map,  and  conversely  a  contour  map  may  be  drawn 
from  the  profiles  of  a  sufficient  number  of  lines* 

11.  Each  contour  is  designated  by  its  height  above  the 
datum-plane,  as  the  fifty-foot  contour,  the  sixty-foot  contoun 
etc.  In  flat  countrj%  where  the  contour  lines  are  few  and  wide 
apart,  always  put  the  number  of  the  contour  on  the  higher 
side,  otherw^ise  it  sometimes  may  be  impossible  to  tell  on  which 
side  is  the  higher  ground. 

12.  In  taking  surface*elevations  for  determining  contour 
lines,  points  should  always  be  taken  on  the  ridge  and  valley 
lines,  and  at  as  many  intermediate  points  as  may  be  desirable. 
There  are  two  general  systems  of  selecting  these  points.  By 
one  system  points  are  chosen  approximately  in  lines  or  sec- 
tions cntting  the  contours  about  at  right  angles^  the  critioil 
points  being  the  tops  and  bottoms  of  slopes;  while  by 
other  system  points  are  selected  nearly  in  the  same  cont 
Hue, — that  is,  on  the  same  horh*»ntal  plane, — the  crllicai  poift| 
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being  the  ridge  and  valley  points,  these  being  the  points  ol 
maxim  urn  and  opposite  curvature  in  the  contour  lines  them 
selves.  By  the  second  method  one  or  two  principal  contour? 
may  be  followed  continuously,  the  points  being  laken  as  ncariy 
as  may  be  on  these  contour  lines.  If  such  principal  contours 
are  50  feet  apart,  then  when  these  are  accurately  drawn  on  the 
map,  any  desired  number  of  additional  contours  may  be  inter- 
polated between  the  principal  ones, 

216.  The  Final  Map**~Thc  field-sheets  are  drawn  as  fc 
I  scribed  above,  in  pencil,  or  partly  in  pencil  and  partly  in  'mX 


[or  wholly  in  ink,  according  to  the  use  to  be  made  of  them.    If 


vey,  to  be  used  only  for  the  construction  of  the  final  maps, 
they  are  usually  left  in  pencil,  a  six-H  pencil  being  used,  Tlie 
field-sheets  are  usually  small,  about  18x24  inches.  The  fiitul 
sheets  maybe  of  any  desired  size.  Usually  several  ficld-shtjcts 
are  put  on  one  final  sheet j  which  will  be  worked  up  wholly  in 
ink,  or  color,  the  scale  remaining  the  same.  The  work  on  the 
field-sheet  is  then  simply  transferred  to  the  final  sheet  by  the 
most  convenient  means  available.     Tracing-paper  (not  linen) 

Bmay  be  used.  This  is  carefully  tacked  or  weighted  down  over 
the  field-sheet,  and  the  principal  features,  such  as  triangulatioo 
stations,  stream  and  contour  lines,  roads,  buiidings,  fence  lines, 
etc*,  are  traced  in  ink.  The  tracing-paper  is  then  removed  and 
laid  upon  the  final  sheet,  orienting  it  by  making  the  triangula- 
tion  stations  on  the  tracing  coincide  with  the  corresponding 
stations  on  the  final  sheet,  where  they  have  been  carefully 
plotted  from  the  triangulation  reduction*  All  the  matter  on 
the  tracing  may  now  be  transferred  to  the  paper  beneath  b) 
passing  over  tlie  inked  lines  with  a  dull  point,  bearing  down 

Bhard  enough  to  leave  an  impression  on  the  paper  below.  If 
preferred,  the  tracing  may  have  its  under  surface  covered  with 
plumbago  (soft  prncil-scrapings),  after  the  tracing  is  made,  and 

■then  with  a  very  gentle  pressure  of  the  tracing-point  will  leave 
*a  light  pencil  line  on  the  final  sheet.     In  either  case,  when  the 
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tracing  is  removed^  these  lines  may  be  inked  m  on  the  final 
^lieet. 

If  the  map  is  to  be  photo-lithographed  it  must  be  drawn 
wholly  in  black,  as  given  in  Plates  IL  and  III.  If  not,  it  is  best 
to  use  some  color  in  its  execution,*  The  water-lines  may  be 
drawn  tn  blue,  and  the  contours  in  brown  on  arable  land,  and  in 
black  on  barren  or  rocky  land.  In  this  way  the  character  of  the 
surface  may  be  partly  given.  Where  the  slopes  are  very  steep 
the  contour  lines  become  nearly  coincident^  but  to  farther  em- 
phasize the  uneven  character  of  the  ground,  cross-hatching,  or 
hachures,  may  be  employed  on  slopes  greater  than  45"^  from 
the  horizontal.  All  these  conventional  practices  are  illustrated 
on  Plate  IIL,  except  the  use  of  colors,  this  map  having  been 
drawn  for  the  purpose  of  being  photo-lithographed.  Plate  IL  is 
a  photo-lithograph  copy  of  a  student's  map  of  the  annual  field 
survey  of  the  engineering  students  of  Washington  University* 
217*  Topographical  Symbols  are  more  or  less  conven- 
tional, and  for  that  reason  given  forms  should  be  agreed  upon. 
The  forms  given  in  Plate  IIL  were  used  on  all  the  Mississippi 
River  surveys  made  under  the  Commission,  and  are  recom- 
mended as  being  elegant  and  fairly  representative  or  natural. 
Evidently  the  rice,  cotton,  sugar,  and  wild^cane  symbols  would 
find  no  place  in  maps  of  higher  latitudes.  The  cypress-tree 
symbols  may  be  used  for  pine  to  distinguish  them  from  decid- 
uous growth,  and  the  sugar-cane  symbol  could  be  used  for 
corn  if  desired.  It  is  not  important  to  distinguish  between 
different  kinds  of  cultivated  crops,  since  these  are  apt  to  change 
from  year  to  year,  but  it  is  sometimes  desirable  to  do  so  to 
give  a  more  varied  and  pleasing  appearance  to  the  map.  The 
grouping  of  the  trees  in  a  large  forest  is  also  varied  simply  for 
the  appearance,  to  prevent  monotony.  Colors  are  sometimes 
used  in  place  of  pen  drawn  symbols,  but  these  are  necessarily 
so  very  conventional  as  to  require  a  key  to  interpret  them,  and 
besides  it  makes  the  map  look  cheap  and  unprofessional, 

♦  5m  Plate  rV. 
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218.  Accuracy  of  St^dta  Measurements*— The  al 
able  accuracy  depends  upon  the  care  taken  in  graduating  the 
rod  (or  in  determining  the  stadia  constants),  and  upon  the 
ruggedness  of  the  country  surveyed.  Hesults  of  surveys  have 
shown  that  a  higher  degree  of  accuracy  is  attainable  in  moder- 
ately rugged  country  where  the  line  of  sight  passes  at  a  can* 
sidcrable  distance  from  the  ground,  thus  avoiding  the  exces- 
sive and  irregular  errors  of  difTerential  refraction-  In  general 
it  may  be  said  that  under  the  most  unfavorable  circumstances 
an  accuracy  of  one  in  three  hundred  is  easily  attained,  while 
under  favorable  circumstances  this  accuracy  may  be  increased 
to  one  in  two  thousand  or  more.*  The  results  obtained  in  the 
U,  S*  Lake  Survey  are  perhaps  a  fair  average  for  various  coi>- 
ditions.  On  that  sur^^ey  the  errors  of  closure  of  one  hundred 
and  forty-one  meandered  lines  was  computed  with  a  mean 
result  of  one  in  six  hundred  and  fifty.  The  lengths  of  sight 
averaged  from  eight  hundred  to  one  thousand  feet,  with  & 
maximum  length  of  two  thousand  feet.  The  ofBcial  limit  of 
error  was  one  in  three  hundred.  The  average  length  of  lines 
run  was  one  and  a  half  miles. 

On  the  Mexican  Boundar>*  Survey  the  transit  and  stadia 
method  was  used  for  taking  topography  over  one  thousantl 
seven  hundred  and  fifty  square  miles,  as  well  as  in  the  measufc* 
ment  of  the  entire  boundary  line.  The  conditions  under  which 
this  work  was  done  were  most  unfavorable  for  accuracy,  but 
in  A  trial  measurement  of  one  hundred  miles  by  the  stadia 
mu\  the  chain  the  former  was  found,  by  a  comparison  with 
the  true  triangulated  distance,  to  be  far  more  accurate  than 
the  chain.  , 

The  following  table  will  show  the  degree  of  accuracy  a(H 

•  For  A  Slate ineiil  af  ihe  effect  ol  kagth  of  sighi  upon  die  «cctirACj» 
Bulkcin  of  ihe  Univcmiy  o(  \Vi5c<»8sm.  Easiacerln^  Sertes«  VoL  I, 
$.  IM^t  Ii7.  l*9S*     h\m  £mi%mtmmc  Mfwrn,  VoL  XXXIII,  page  364. 
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taincd  on  this  survey  both  as  regards  errors  in  azimuth  and  in 
linear  measurement. 


N««ber 
of  Lines. 

Aggregate 
LenfftEof 

Average 
Length  of 

Courses 
in  Metres. 

Average 

Number  of 
Courses 
per  Line. 

Average 

Error 

in  Distance 

equals  x  in 

Azimuth  Error 

on  closing 
per  Kilometre 
of  Line  Run. 

29 
13 

III823.2 
280706.8 

290633.9 
143352.0 

253  0 
356.7 
437.7 
580.4 

15.2 
16. 1 

23.7 
20.6 

553 
7S2 
817 
786 

I'  55" 
i'  04" 
0'  43" 

o'37" 

1X8 

836515.9 

386.3 

18. 1 

752 

0'  59.6 

zi%a.  Accuracy  of  Levels  Run  by  the  Stadia  and 
Transit — ^The  errors  in  carrying  levels  by  means  of  the  stadia 
and  vertical  angles  is  a  function  of  the  average  vertical  angle 
employed.  This  may  be  seen  from  the  following  tabulation 
of  field-work  taken  from  the  report  of  the  Mexican  Boundary 
Survey,  189 1-6. 


Number 
of  Unes. 
(Circuits.) 

Length 
of  Lines. 

Sum  of  the 

Vertical 
Componenu 
of  Courses. 

Average 

Vertical 

An^Ie 

of  Lines. 

Error  in  Eleva- 
tion on  Closing 
per  Kilometre 
of  Line  run. 

Error 
in  Distance 
on  Closing 
equals  i  in 

14 
55 
28 
17 

metres 

182960 

338132 

186426 

II2025 

metres 

1262.4 

II706.I 

12139.8 

I 1930.6 

e       / 

0  24 

1  59 
3  43 
6  05 

feet 
0.17 
.37 
.49 
.59 

metres 

0.053 

.III 

.150 

.181 

842 

"4 

819543 

37038.9 

3  3 

.40 

..,;      . 

From  the  above  table  it  will  be  seen  that  on  14  circuits, 
averaging  13,070  metres  (8.2  miles),  run  in  rolling  country  and 
employing  a  small  vertical  angle,  the  closing  error  in  elevation 
was  0.17  feet  per  kilometre;  also  that  the  closing  errors  in- 
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B  crease  quite  rapidly  as  the  average  vertical  angle  increases, 
until,  in  the  most  rugged  country  requiring  an  average  vertical 
angle  of  6*"  5',   17  circuits,  averaging  6590  metres  (4.1  miles),  , 
^  have  a  closing  error  of  0,59  feet  per  kilometre, 
H        The  relation  of  error  to  vertical  angle,  as  deduced  from  tte 
B£I2  miles  of  closed  stadia  lines  comprising  the  above  table,  is 
Vt»est  shown  by  the  graphic  curve  in  Fig,  66a, 

^^^^_ 

^^H 

^^^^B 

^^^^^^^^^^" 

y 

F      ; 

/ 

/ 

} 

J 

/ 

> 

/ 

^^ 

y 

1 

^^^  A  good  examp 

H  in  running  levels 

1  recent  topograph 

transit   and  stadia 

tvventy^uur    poin 

triangulation   poir 

results  shown  in  tl 

K        The  average  le 

H  1*7  miles,  and  the 

H  foot  or  0.18  of  a  f^ 

H        It  should  be  n( 

H  in  elevation  for  th 

H  at  a  point  on  the  '. 

^ lu      0      o.a      a*      oj      «.ii     « 

EHHOfl  OF  CUMUHE  IN  FEET  PER  mLOMtTtft 

le  of  the  use  of  the  transit  ai 
in  city  topographic  surveys 
c  survey  of  St.   Louis.      I 
L  line  was  run   over   forty 
ts   along   this   circuit   the   1 
its  and   precise-level  bench 
le  table  on  the  following  pa 
ngth  of  the  lines  between  * 
average  error  for  this  distai 
Dot  per  mile  of  line, 
3ted  that  while  the  total  ac 
e  entire  forty  miles  was  bul 
ine  distant  20  miles  from  th 

1 

id  stadia  mctbod 
is  found  in  tlic 
n  this  survey  a 
miles  long*    At 
ine    checked  on 
-marks  with  the 

:hcck'points  was 
ice  was  0.24  of  a 

cu  nulla  ted  errof 
t  0.64  of  a  footi 
e  beginning  th< 

TOFOGRAPfflCAl  SirMVEYIJ^O, 


RESULTS  OF  LEVELING    BY  THE   STADIA   METHOD, 
as  obtatD«:d  on  the  Sl  Louis  Topographical  Survey, 
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Azimuth 

Actum  utited 
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Ifi  Rle*iiioii 
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*rror  in  elevation  was  zero,  while  in  seven  miles  more  it  was 
)ver  twice  the  error  at  the  end  of  the  circuit,  thus  emphasizing 
he  fact  that  the  errors  in  such  work  tend  to  confipensate. 

The  following  data  regarding  the  accuracy  of  stadia  sur- 
eys  made  under  the  Mississippi  River  Commission  is  given  as 
fair  sample  of  the  results  obtained  under  that  organization, 
n  I8g6,  thirty-six  stadia  circuits^  with  an  average  length  of 
ivo  thousand  seven  hundred  and  fifty  metres  (1.7  miles),  were 
m  over  a  certain  rough,  hilly  country,  between  Dubuque,  la., 
nd  Prairie  du  Chien,  Wis,,  ranging  in  elevation  from  one  hun- 


2iod 


su^rMyjA'C. 


I 


I 


ijred  to  three  hundred  feet,  with  an  average  error  in  elevation 
of  0,77  lout  per  Circuit  or  0.59  foot  per  mile  of  line  run.  The 
nittxinumi  error  in  this  work  was  1,50  feet  on  a  circuit  4005 
iiiclrcH  (2.;  miles)  long,  and  the  minimum  error  in  elevalion 
WUft  ao  foot  on  a  circuit  2 100  metres  (1.4  miles)  long.  Seventy- 
fiiur  other  circuits,  averaging  twenty-nine  hundred  metres  (t  ? 
nillei*)*  were,  run  in  a  nearly  level  river-bottom,  with  arestiitrrj, 
orror  In  elevation  of  043  foot  per  circuit  or  0.31  foot  per  mile 
of  line  run.  The  maximum  error  in  this  work  was  2.5  feet  on 
ft  circuit  4300  metres  {2.y  miles)  long,  while  the  minimnm 
error  in  elevation  on  the  same  work  was  0,03  foot  on  a  circuit 
44txi  metres  long.  As  indicating  the  general  law  of  com|itr^' 
iuting  errors,  it  may  be  said  that  of  the  above  74  circuits  y 
gave  too  high  and  29  circuits  too  low  elevations,  while  : 
Hcvcn  circuits  the  error  was  zero. 

It  should  be  noted  that  a/ter  suck  'dasing"  errors  kan  km 
f  roper ly  adjusted  among  fke  various  points  of  ike  circuity  which 
li  the  usual  practice,  the  probable  error  in  elevation  of  any 
8ucli  adjusted  values  is  very  much  smaller  than  the  closing 
error  of  the  circuit,  and  for  all  mapping  purposes  it  is  far 
within  the  limits  of  accuracy  required.  It  may  then  be  coo- 
cludcd  that  for  all  kinds  of  accurate  topographic  w^ork,  with 
the  possible  exception  of  special  very  large  scale  surveys^  the 
transit  and  stadia  method  is  by  far  the  best  and  most  econom- 
ical method  to  use. 


i^t^r.^For  redueiog  stadia  readings  for  **  difference  of  elcTAtmn  "  tad  ibe 
for  *'  correction  for  boriionla!  distance  "  an  excellent  diagtam  has  been  pat  ot 
the  mariget  b^  A,  H.  Abboti  &  Co.  of  Chicaj^o,  III,  This  was  devbed  by  Sir, 
McMTift  K,  Tnitubull  and  is  described  by  him  in  ih^  Jm$rm4tl  pf  ik*  Wntim 
S&titi/  *>/  £ngimtrs,  VoL  III»  p.  1399.  This  diagram  is  24  lit.  by-  30  in  m  «iK. 
httit  blue  Unts  on  a  while  ground*  on  heavy  paper,  and  gives  angles  up  to  S^i 
ditUnces  lo  1 600  feet,  and  clevatiofrs  to  loo  feet*  It  also  shoi^s  the  **  corfectioo 
lor  horitontal  distance''  ac  a  glance  ^  while  taking  out  ihe  '*  dlfftf  encc  ol  eletr 


»tbfi."  This  IS  the  most  convenient  diagmui  the  author  has  ever  seen .  Iim 
Mid  to  give  results  as  rapid  1/  as  the  Colby  slide-ntle.  The  price  is  |l.^ 
poti^pAid^ 


CHAPTEl 

RAILROAD  TOPOGRAPHICAL  SURVEYING, 


WITH    THE  TRAI4STT   AND   STADIA.* 

219,  Objects  of  the  Survey* — Since  the  transit  and  stadia 
"ane  the  best  means  of  making  a  general  topographical  survey, 
so  they  :\TC  the  means  that  are  best  adapted  to  make  a  prclimi 
nary  railroad  survey*  so  far  as  this  is  a  topographical  survey. 

The  map  of  a  railroad  survey  may  serve  two  purposes: 

Firsi,  to  enable  the  engineer  to  make  a  better  location  of 
the  hne  than  could  be  done  in  the  field* 

Second,  to  give  all  necessary  data  relating  to  right  of  way, 
as  the  drawing  of  deeds,  assessment  of  damages,  etc. 

In  fiat  or  gently  undulating  country;  it  is  not  advisable  to 
locate  by  a  map;  but  even  here  the  map  is  quite  as  essential 
for  determining  questions  relating  to  the  right  of  way. 

In  either  case,  therefore,  a  good  topographical  map  of  the 
line  is  of  prime  importance,  and  all  the  data  for  this  map  may 
be  taken  on  the  preliminary  survey.f 

Both  these  ends  may  be  served  by  the  same  map*  The 
method  of  location  by  contours  (sometimes  called  *'  paper  lo- 
cation'*) is  often  absolutely  necessarj^  in  rough  ground,  but  is 
still  more  often  judicious  in  simpler  work,  inasmuch  as  a  better 
location  can  often  be  made  in  this  way* 

220.  The  Field-work. — In  this  case  there  would  be  no 
A*s  or  B.M/s  to  check  on;  but  the  errors  in  distance  and  ele- 
vation would  be  no  more,  probably,  than  are  now  made  on 

»  The  mcrhods  described  in  this  chapter  were  aovel  when  tbts  work  first 
appeared  10  1886,  but  have  no^  (i^or)  beer*  adopted  by  many  railway  tocatlng 
eogmcer?.  See  an  exceHent  article  advocating  the  method  in  Engineering  Newr^ 
VoL  XLV,  Feb  3J,  tgor. 

f  By  •'  preliminary  survey  **  Is  here  meant  a  survey  of  a  belt  of  country  which 
\t  is  expected  wiil  embrace  the  ^nal  line,  and  not  a  mere  recronnoissance  made 
io  dctcmime  the  feasibility  o£  a  linei  or  which  of  several  lines  b  ihe  best. 
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preliminary  surveys.     In  fact,  the  errors  in  distance  would  not 
be  nearly  so  great,  unless  the  chain  be  tested  frequently  ior 
length,  and  the  greatest  care  taken  on  irregular  ground.    Ifi 
chain   lOO  feet  long  has  6oo  wearing-surfaces,  which  most  o( 
them  have,  and  if  each  of  these  surfaces  be  supposed  to  wear 
ooi  inchi  which  it  will  do  in  the  course  of  a  200-  or  jOCKmilc 
r.urvey,  then  the  chain  has  lengthened  by  six  inches,  or  tk  | 
error  in  distance  is  now  i  in  200  from  this  cause  alone.     If  wc 
add  to  this  the  uncertain  errors  that  come  from  chaining  up  j 
and  down  hill,  and  over  obstructed  ground,  it  is  certain  Ihatj 
the  stadia  measures  will  be  much  the  more  accurate. 

In  the  matter  of  elevations,  since  the  local  change  of  ele- 
vation is  alone  significant,  and  not  the  total  difference  of  ele- 
vation of  points  at  long  distances  apart,  the  line  of  levels 
carried  by  the  stadia  would  be  amply  sufficient  for  a  prelimi- 
nary survey. 

The  following  observations  are  applicable  to  the  prelimi- 
nary survey  (or  final  location,  when  it  is  expected  the  line  will 
be  included    in  the  belt  of  country  surveyed : 

1st*  All  data  should  be  taken  that  will  contribute  to  the  so- 
lution of  all  questions  of  location,  such  as  elevations  for  con- 
tour lines  ;  streams  requiring  culverts,  trestles,  or  bridges,  and 
the  necessary  size  of  each,  if  possible  ;  all  depressions  which 
cross  the  line,  and  will  require  a  water-way,  together  with  the 
approximate  size  of  the  area  drained  ;  highways  and  private 
roads  or  lanes;  buildings  of  all  kinds,  fences,  and  hedges; 
character  of  surface,  as  rock,  clay»  sand,  etc* ;  character  of 
vegetation,  as  cultivated,  forest,  prairie,  marsh,  etc* ;  the  loca- 
tion of  any  natural  rock  that  may  be  used  for  structures  ontt 
line,  such  as  culverts  or  abutments ;  high-water  marks  if  in 
bottom  subject  to  overflow;  and,  in  fact*  all  information  whic 
will  probably  prove  of  value  in  determining  the  location,  or  i 
making  up  a  report  with  estimates  to  the  board  of  directors^! 
in  letting  contracts  for  earthwork. 
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2d  All  data  that  may  be  found  useful  in  respect  to  land 

titles  or  right  of  way,  or  that  may  relate  to  claims  for  dam- 
ages, such  as  section  corners,  boundaries,  fences,  buildings, 
streets,  roads,  lanes,  farm  roads,  cultivated  and  uncultivated 
land,  as  well  as  such  as  may  be  cultivated,  public  and  private 
grouads,  orchards,  forests,  together  with  the  value  of  the  forest 
timber,  mineral  lands,  stone  quarries,  proximity  to  villages, 
etc  Since  the  bearings  and  position  of  ail  boundary-lines  are 
c(  great  importance  in  the  matter  of  right  of  way,  every  such 
boundary  should  have  at  least  two  readings  upon  it  in  the 
field ;  and  these  should  be  as  far  apart  as  possible. 

221-  The  Maps.— Before  any  plotting  is  done,  two  ques- 
tions of  importance  must  be  decided.  They  2ifQ— first, 
whether  one  set  of  maps  is  to  serve  for  both  the  location  and 
for  the  further  use  of  the  company,  or  whether  a  set  of  contour 
maps,  worked  up  in  pencil,  shall  serve  for  the  location,  and 
another  set  for  the  continuous  use  of  the  company;  second, 
what  shall  be  the  scale  of  the  maps  ?  These  will  be  argued 
separately. 

Whether  ^ne  er  two  sets  of  maps  will  be  decided  on,  will  de- 
pend largely  on  the  care  that  is  exercised  with  the  locating- 
sheets.  If  these  are  carefully  worked  up  for  the  location,  and 
kept  clean,  they  can  be  utilized  for  the  final  maps.  If  they 
become  too  badly  soiled  by  field  use,  new  sheets  would  prob- 
ably  be  substituted  for  the  uses  of  the  company. 

If  it  is  expected,  at  the  start,  to  have  a  different  set  of 
sheets  for  the  final  maps,  then  '*  protractor  sheets''  should  be 
used  for  the  location.  In  this  case,  plot  on  these  sheets  only 
such  of  the  field-notes  as  will  contribute  to  the  location ;  and 
these  need  only  be  plotted  in  pencil.  When  the  location  has 
been  made,  such  features  may  be  transferred  from  the  locating- 
sheets  to  the  final  maps,  as  may  be  desired.  These  would  con- 
sist mainly  in  the  stadia  stations,  the  contours,  and  the  located 
line.  The  rest  of  the  field-notes  may  then  be  plotted  on  the 
final  sheets,  and  the  whole  worked  up  in  ink* 
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If,  on  the  other  hand*  one  set  of  maps  Is  to  serve  both  Jm^ 

poses,  then  it  would,  perhaps,  be  best  to  use  plain  sheets,  is 
the  protractor  circle  would  somewhat  disfigure  the  final  maps.' 
The  protractor  sheets  would*  however,  furnish  a  ready  meami 
of  taking  off  the  bearings  of  lines  from  the  final  charts,  whi< 
might  be  thought  to  compensate  for  the  slight  marring  of  thi 
map's  appearance.     If  plain  sheets  are  chosen,  then  they  shod 
be  divided  into  squares  by  lines  drawn  in  ink  parallel  to  t 
sides  of  the  paper,  in  the  direction  of  the  cardinal  points 
the  compass.     Both  the  stadia  stations  and  the  side* reading? 
may  then  be  plotted  by  means  of  the  auxiliary  protractor*  this 
being  oriented  by  the  meridian  lines  on  the  sheet.     Even  here; 
only  those  readings  would  at  first  be  plotted  that  will  contrib- 
ute to  the  location,  and  these  marked  in  pencil.     After  \ht 
location  has  been  decided  on,  and  the  location  notes  taken  off, 
as  described  below,  then  the  stadia  stations,  contour  lines,  the 
located  line  of  road,  and  such  other  features  as  should  be  pre- 
served on  the  final  map»  are  inked  in,  and  the  map  thoroughly 
cleaned.     The  rest  of  the  field-notes  may  now  be  plotted,  ajid 
the  map  finished  up* 

If  the  road  runs  through  a  settled  region*  the  questions  of 
right  of  way  are  among  the  first  things  to  be  settled  ;  so  that 
preliminary  maps  showing  the  relation  of  the  road  belt  to  the  ' 
property  lines  are  essential  to  the  settlement  of  damages,  and 
to  obtaining  the  right  of  way  from  the  property- holders,  ' 
Coincident,  therefore,  with  the  making  of  maps  to  determine 
the  location  must  come  the  construction  of  preliminary  right- 
of-way  maps  or  tracings.  On  these  latter  need  be  plotted  only 
the  boundary-lines,  fences,  more  important  buildings,  roads, 
etc,  or  just  sufficient  to  enable  the  right-of-way  agent  to  nego- 
tiate intelligibly  with   the  property-owners.*     Neither  the  lo- 


♦For  an  excellent  ankle  on  the  subject  of  right  of-way  maps  and  p^misnciit 
rail  way -pro  petty  records,  by  Charley  Paine,  see  The  I^mlfvad  GauHe  of  Nor. 
14.  1^84*     Repritated  m  book  form  in  *'  Elements  of  Railroad iiigJ* 
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ating  nor  the  final  map  should  be  on  a  continuous  roll  The 
:M  requires  more  room  for  storage,  is  more  apt  to  get  dusty^ 
and  b  much  more  inconvenient  for  reference*  When  sheets 
are  used,  the  survey  plot  covers  a  more  or  less  narrow  belt 
across  the  map.  One  of  the  edges  of  the  sheet,  either  where 
the  plot  enters  upon  it  or  disappears  from  it,  should  be  trimmed 
straight,  and  the  plot  extended  quite  to  this  edge.  Tliis  edge 
is  then  made  to  coincide  with  one  of  the  parallel  or  meridian 
lines  of  the  next  sheet  ■  so  that  when  the  line  is  plotted,  the 
sheets  may  be  tacked  down  in  such  a  way  as  to  show  the  con- 
tinuous plot  of  the  survey. 

The  scale  of  the  map  will  depend  on  whether  or  not  separate 
sets  of  charts  are  to  serve  the  purposes  of  locationand  of  the 
continuous  use  of  the  company.  For  the  purpose  of  location, 
a  scale  of  40O  feet  to  one  inch  does  very  well  ;  but  for  the  final 
detail  sheets  the  scale  should  be  larger.  If  both  purposes  are 
to  be  served  by  one  set  of  maps,  then  the  scale  should  be 
about  200  feet  to  one  inch,*  with  5-  or  lO-foot  contours.  The 
sheets  should  be  about  twenty  by  twenty-four  inches. 

1^  222.  Plotting  the  Survey. — ^In  case  the  map  is  plotted  on 
a  protractor  sheet,  the  methods  of  plotting  will  be  identical 
with  those  for  general  topographical  work,  except  that  here 
there  will  be  no  checks,  either  for  distance,  azimuth,  or  eleva- 

rtion,  except  such  as  are  carried  along  or  independently  de- 
termined. For  distance,  there  is  no  check,  except  the  dupli- 
cate readings  bet^veen  instrument  stations,  unless  the  survey 

{.is  through  a  region  which  has  already  been  surveyed.  In  this 
case  the  section  lines  may  serve  as  a  check  on  the  distances. 

The  azimuth  should  be  checked  at  every  station  by  reading 
the  needle,  as  described  on  p,  264,  and  also  by  independently 
determining  the  meridian  frequently,  either  by  a  solar  attach- 
ment or  by  a  stellar  observation.     If  the  line  is  not  nearly 

*  Some  engineers  prefer.a  scale  of  loo  feet  to  one  inch  for  the  final  chartui 

ths  compao  J.  fl 
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north  and  south,  or,  in  other  words,  if  it  is  extended  material)) 
in  longitude,  then  the  azimuth  must  be  constantly  correciei  I 
for  convergence  of  meridians,  as  is  shown  in  Chap,  XIV. 

The  elev^itions  can  only  be  checked  by  the  duplicate  read* I 
ings  between  instrument  stations.*  All  the  greater  carej 
should  be  used,  therefore,  on  readings  between  stations* 

The  first  phi  ting,  whether  there  are  to  be  two  sets  of  mapi 
or  one,  wil!  consist  in  representing  on  the  sheet  only  such  data 
as  will  assist  in  deciding  on  the  location.     These  will  be  mainlyJ 
contour  points,    streams,  important  buildings  near  the  line,i 
principal  highways,  other  lines  of  railway,  villages  with  thdi 
streets  and  alleys  near  the  proposed  location,  the  lines  of  de-J 
markation  between  cultivated  and  timbered  or  wild  land,  etc 
From  the  plotted  elevations,  aided  by  the  sketches  in  the  note 
book,  the  contour  hnes  are  drawn   in  ;  if  necessary,  this  may 
be  done  on   the  ground.     This  is  suflficicat  for  determining 
upon  a  location. 

When  this  has  been  done,  then  the  natural  features,  the 
contour  lines,  the  stadia  stations,  and  the  located  line,  may  be 
inked  in  (or  transferred  b}^  means  of  tracing-paper,  in  case  the 
final  maps  are  to  be  on  separate  sheets),  and  the  remainder  of 
the  notes  plotted. 

In  drawing  the  contour  lines  in  ink,  make  those  upon  bar- 
ren or  rocky  land  in  black,  and  those  on  arable  land  in  brovkH, 
If  they  are  ten  feet  apart,  make  every  tenth  orie  very  heavy,  and 
every  fifth  one  somewhat  heavier  than  the  others.  If  this  be  done, 
only  the  50-  and  100-foot  contours  need  be  numbered.  In  case  a 
map  docs  not  contain  at  least  two  of  these  numbered  contours, 
then  every  contour  which  does  appear  on  the  map  should  be 
numbered,  giving  its  elevation  above  the  datum  of  the  survey. 

*It  niay  be  observed  that  ihe  same-  lack  of  sufficient  checks  on  the  distance, 
EijEimuth,  and  elevaiion  obtams  with  the  ordinanr  preliminary  surrey  with  trift- 
Sit,  leveS,  and  cha.in.  If  preferred,  all  bearings  may  be  taken  from  the  needle^  ind 
then  each  alternate  station  only  need  be  occupied  by  the  lostnimeni.  See  scrips  tA 
articles  on  this  subject  by  the  author  in  **  1  he  Railroad  Gametic  "  for  Feb,  3d,  Mm, 
24,  9th.  and  30th,  iSBS. 
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The  streams  should  be  water-lined  in  blue,  and  an  arrow 
"should  tell  the  direction  of  its  flow.  The  name  should  also  be 
given  when  possible. 

All  fences  should  be  shown,  and  especial  pains  taken  to 
represent  division  fences  in  their  true  position  ;  for  it  is  from 
this  map  that  the  deeds  for  the  right  of  way  are  to  be  drawn. 

Outhouses  may  be  distinguished  from  dwellings  by  diago- 
nal lines  intersecting,  and  extending  slightly  beyond  the  out- 
line. The  character  of  the  buildings  may  be  shown  by  colors^ 
as  red  for  brick,  yellow  for  frame,  pale  sepia  for  stone ;  the 
outlines  always  being  in  black. 

The  stadia  stations  should  be  left  on  the  finished  sheets; 
as,  in  case  of  a  disputed  boundary,  or  for  other  cause,  the  map 
flfiay  be  replotted  if  the  positions  of  the  instrument  stations 
are  left  on  it.  The  numbers  of  the  stations  should,  of  course, 
be  appended. 

The  magnetic  bearings  of  boundary-lines  may  be  given  on 
the  map,  or  they  may  be  determined^  as  occasion  requires,  by 
means  of  the  auxiliary  protractor  and  the  true  meridian  lines 
when  the  variation  of  the  needle  is  known.  For  this  purpose, 
the  magnetic  meridian  should  be  drawn  on  each  map,  diverg- 
ing from  one  of  the  meridian  lines,  and  the  amount  of  the 
variation  marked  in  degrees  and  minutes, 
I  225*  Making  the  Location, ^When  a  preliminary  survey 
is  made,  as  above  described,  for  the  purpose  of  making  what 
is  called  a  *' paper  location,*'  the  location  is  first  made  on  the 
mapt  and  then  staked  out  in  the  field. 

Every  railroad  line  is  a  combination  of  curves,  tangents, 
and  grades;  and  it  is  the  proper  combination  of  these  which 
makes  a  good  location.  If  it  be  assumed  that  the  line  is  to  be 
included  in  the  belt  of  country  surveyed,  then  the  map  con- 
tains all  the  data  necessary  to  enable  the  engineer  to  select  the 
best  arrangements  of  curves,  tangents,  and  grades  it  is  possible 
for  him  to  obtain  on  this  ground.    This  selection  can  be  made 
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with   much  more  certainty  than    is  possible   on  the  grouwi 
where  the  view  is  generally  obstructed,  and  where  grades  art 

so  deceptive* 

It  is  no  part  of  this  treatise  to  discuss  the  various  problems 
that  enter  into  the  question  of  a  location,  but  only  to  shoi 
how  to  proceed  to  make  a  location  that  may  satisfy  any  givi 
set  of  conditions,  by  means  of  the  contour  map. 

The  contours  themselves  will  enable  the  engineer  to  decil 
what  the  approximate  grades  will  have  to  be-  Suppose  a  grad 
of  0.5  foot  in  100  feet,  or  26,4  feet  to  the  mile,  has  been  fixi 
upon.  It  is  now  known  that  the  line  should  follow  the  geni 
ral  course  of  the  contours,  except  that  it  should  cross  a  10 fi 
contour  every  2000  feet.  Spread  the  dividers  to  this  distancf 
taken  to  scale,  and  mark  off  in  a  rough  way  these  20CO-f(M3 
distances  as  far  as  this  grade  is  to  extend;  and  do  the  sara 
for  the  successive  grades  along  the  line.  Knowing  the  gndi 
of  the  Hne  at  the  beginning  of  the  sheet,  the  problem  is  to  c: 
tend  this  line  over  the  sheet  so  as  to  give  the  best  locatii 
one  can  hope  to  get  on  this  ground  with  the  availabi 
means. 

First,  starting  from  the  initial  fixed  point  of  hne  on  tfc 
map,  sketch  in  a  line  which  will  follow  the  contours  exactlj 
crossing  them,  however,  at  such  a  rate  as  to  ^w^  the  necessal 
grade.  This  is  the  cheapest  Hne,  so  far  as  cut  and  fill  are  col 
cerned,  Of  course,  where  depressions  or  ridges  are  to 
crossed,  the  line  must  cross  over  from  a  given  contour  on  01 
side  to  the  corresponding  contour  on  the  other*  and  then  f( 
low  along  the  contour  again. 

Second,  mark  out  a  series  of  tangents  and  curves  which  w 
follow  this  sketched  line  as  nearly  as  it  is  possible  for  a 
road  to  follow^  it*  This  will  not  be  the  final  location,  but  it 
valuable  for  study,  This  line  ^vill  be  faulty  from  having  ti 
many  and  too  sharp  curves,  and  too  little  tangent. 

Third,  draw  in  a  third  line,  as  straight  as  possible,  and  w 
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brade  of  curves  as  possible  consistent  with  a  reasonable 
i  of  earthwork  and  a  proper  distribution  of  the  same. 
\  the  purpose  of  deciding  what  degree  of  curve  is  best 
to  the  ground  for  a  given  deflection  angle,  it  is  well 
lieries  of  paper  templets  made,  with  the  various  curves 
if  outer  and  inner  edges*  Of  course,  these  are  cut  with 
id  off  to  the  scale  of  the  drawing.  It  is  still  more  cofv 
:  to  have  these  curves,  laid  off  to  scale,  on  a  piece  of 
IS,  horn,  or  tracing-paper  (not  linen),  so  that  this  can  be 
on  the  map,  and  the  curve  at  once  selected  which  will 
the  contours  most  economically.  Fig,  66  shows  iiicb  ; 
bi  curves  drawn  to  a  scale  of  1600  feet  to  the  ijicIl 

this  way  the  line  is  laid  out  ovtsi 

greater  or  less  curvature  haire  fee 

reater  first  cost,  and  greater  4 
estion  of  shifting  it  lateraJhr  ; 
Illy  a  definite  location  fixed  tmm  ^V. 

the  case  in  hand.     Wbea  t- 

up  the  location  QOttis  iam 
Dut 
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The  following  is  considered  a  good  form  for  the  Ictcal 
notes : 

Lo^aHtm  N&ies  for  ABC  Railmmd.    Fr&m  Map  ^&.  . , , , 


Line. 

Azimuth  and 
Aai^lcs. 

Length. 

StaticMi. 

Reewrita. 

T 

a6o^  40' 

ft, 
1020 

10+  ao 

PX, 

f  C.R, 

+  18^  30' 

617 

16+37 

KT. 
PC. 

T 

279"  10' 

2670 

43+    7 

4"  ex. 

—  I  a'"  20' 

308 

46+15! 

B  12  330  ft 

T 

266'*  50' 

6ao 

52  +  95 

P.C 

T&e  first  cohimii  designates  the  tangents  and  curves, 
gives  the  degree  of  the  curve,  and  the  direction  of  its  cii 
ture,  whether  right  or  left.  If  it  curve  toward  the  right, 
azimuth  of  the  next  tangent  will  be  increased,  and  hence 
sign  is  plus,  and  vke  versa. 

TAe  st'coHd  cohim/r  gives  the  azimuths  of  the  tangents 
the  deflection-angles  of  the  curves.     Each  azimuth  is  sect 
be  the  algebraic  sum  of  the  two  preceding  angles. 

TAe  third  column  gives  the  lengths  of  the  tangents  as  113 
used  from  the  map,  and  the  lengths  of  the  curves  as  determi 
by  dividing  the  deflection-angle  by  the  degree  of  the  cil 
Thus,  U*"  20=  r2^33,  and  I2°.33 -~  4  =  308,  which  is 
length  of  the  curve  in  feet»* 

The  fourth  column  gives  the  stations  and  pluses  for 
P,C/s  and  the  P.T/s.     These  quantities  arc  simply  the 
tinued  sum  of  those  in  the  third  column. 

The  first,  second,  and  fourth  columns  now  give  all  the  il 


*  Il  Is  a  great  convenience  to  have  at  least  one  vernier,  in  nijlroail 
graduated  to  read  to  hundredths  of  a  degree.     The  case  here  given  \%  onl 
of  niaiiy  similar  casts;  but  the  principal  advantage  is  in  running  ihe  fra< 
partji  of  curves  when  the  curve  chosen  is  some  even  degree,  a$  here  ij 
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pQcket-compass,  clinometer,  and  hand-level,  These  cro?^ 
sections  show  the  ground  on  either  side  of  the  line  as  f^^r  i^ 
desirable  by  slope  and  distance,  these  latter  being  either  mii- 
iired  by  tape  or  paced.  It  is  evident  that  contour  lines  cou^ti 
be  worked  out  from  these  data,  but  these  would  not  be  needed 
if  the  distances  and  slopes  were  well  determined,  since  thi 
give  a  better  cross- section  than  contours  alone  could  do. 

The  objections  to  this  method  are  in  the  poor  means  it  (or* 
nishes  for  accurate  determination  of  either  distances  or  slope' 
and  the  haste  with  which  it  is  usually  done.     There  can  k  no 
question  but  that  accurate  distances  and  slopes  on  cross-scctioni 
lOO  feet  apart  would  give  fuller  data  than  even  five-foot  c 
tours  accurately  drawn.     But  to  be  accurately  determined  tl 
slope  would  have  to  change  at  all  points — in  other  words, 
would  be  a  curve.     As  to  whether  the  slopes  and  distances 
iJtey  would  probably  be  taken  would  give  a  better  idea  of  l! 
ground   than   five-foot    contours    determined    by   the  stadi 
method,  and  the  relative  cost  of  the  two  systems,  are  mat! 
of  experience.     Both  systems  are  competent  to  give  a  g( 
location  when  they  are  well  executed. 

Note.— The  fun  her  study  of  railroad  surveying  falls  wiihm  the  pr»?Tiiiee^ 

the  various  railroad  field-books,  which  are  printed  in  pocket  form  ana  conu 
'he  necessary  tables  for  laying  out  a  line  of  road.  Having  learned  the  i 
£t ruction  and  use  of  surveying  ins[ruments,  and  the  general  methods  of  to^ 
graphical  surveying  and  levelling,  the  special  applications  to  railroad  loc»ii 
gfiven  in  the  field-books  are  readily  mastered.  They  will  Ihcrefore  oot  I 
further  considered  in  this  work. 
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HYDROGRAPHIC  SURVEYINa 


225,  Hydrographic  Surveying  includes  all  surveys,  for 
whatever  purpose,  which  are  made  on,  or  are  concerned  with, 
tny  body  of  still  orrunning  waten  Some  of  the  objects  of  such 
surveys  are  the  determination  of  depths  for  mapping  and  navi- 
gation purposes ;  the  determination  of  areas  of  cross-sections,  I 
the  mean  velocities  of  the  water  across  such  sections,  and  the 
slope  of  the  water  surface  ;  the  location  of  buoys,  rocks,  lights, 
signals,  etc*;  the  location  of  channels,  the  directions  and  ve- 
locities of  currents,  and  the  deternimation  of  the  changes  in 
the  same;  the  determination  of  the  quantity  of  sediment  car- 
ried in  suspension,  of  the  volume  of  the  scour  or  fill  on  the 
bottom,  or  of  the  material  removed  by  artificial  means,  as  by 
dredging. 

A  hydrographic  survey  is  usually  connected  with  an  ex- 
tended body  of  water,  as  ocean  coasts,  harbors,  lakes,  or  riv- 
ers. The  fixed  points  of  reference  for  the  survey  arc  usually 
onshore,  but  sometimer  buoys  are  anchored  off  the  shore  and 
used  as  points  of  refere  ice.  AH  such  points  should  be  accu* 
rately  located  by  triangulation  from  some  measured  base 
whose  azimuth  has  heen  found.  The  buoys  will  swing  at 
their  moorings  within  small  circles,  these  being  larger  at  low 
tide  than  at  high,  but  the  errors  in  their  positions  should  never 
be  sufficient  to  <;^use  appreciable  error  in  the  plotted  positions 
of  the  soundings.  Where  soundings  need  to  be  located  with 
frcat  exactness,  buoys  could  not  be  relied  on*  The  triangula- 
tion  work  for  the  location  of  the  fixed  points  of  reference  dif- 
fers ill  no  sense  from  that  for  a  topnf^raphical  survey.     In  lact, 
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a  hydrographk  survey  is  usually  connected  with  a  topographid 
survey  of  tiie  adjacent  shores  or  banks,  the  tnaiigubtion 
scheme  serving  both  purposes.  It  is  not  uncommon,  howevci, 
to  make  a  hydrographic  survey  for  navigation  purposes  sim- 
ply, wherein  only  the  shore-hne  and  certain  very  prominent 
features  of  the  adjacent  land  are  located  and  plotted.  This  is 
the  practice  of  the  U.  S.  Hydrographic  Office  in  surveying  lof. 
eign  coasts  and  harbors.  In  this  case  the  work  consists  ahnost 
wholly  in  making  and  locating  soundings  for  a  certain  limiting, 
depth,  as  one  hundred  fathoms,  or  one  hundred  feet,  inward 
H  to  the  shore,  and  along  the  coast  as  far  as  desired.  The  kngtJi 
*  and  azimuth  of  a  base-line  are  determined  and  the  latitude  ob- 
served by  methods  given  in  Chapter  XIV.  The  longitude  is 
H  found  by  observing  for  local  time,  and  comparing  it  with  the 
chronometer  time  which  has  been  brought  from  some  station 
whose  longitude  was  known.  Whenever  telegraphic  con^ 
munication  can  be  obtained  with  a  place  of  known  longitude, 
the  diflerence  between  the  local  times  of  the  two  places  is 
found  by  exchanging  chronograpliic  signals.  No  special  de^ 
scription  will  be  here  given  of  the  methods  used  in  this  part  of 
the  work,  as  they  are  all  fully  described  in  Chapter  XIV. 

r226.  Methods. — The  location  of  a  sounding  can  be  foum 
with  reference  to  visible  known  points  by  (i)  two  angles  rcaj 
at  fixed  points  on  shore :  (2)  by  two  angles  read  in  the  boat 
(3)  by  taking  the  sounding  on  a  certain  range,  or  known  \m 
and  reading  one  angle  either  on  shore  or  in  the  boat;(j 
by  sounding  alotig  a  known  range,  or  line,  takihg  the  sounding 
at  known  intervals  of  time,  and  rowing  at  a  uniform  rate;  (j 
by  taking  the  soundings  at  the  intersections  of  fixed  ran| 
lines ;  (6)  by  means  of  cords  or  wires  stretched  between  fixi 
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*  See  Appendix  F,  itnA  fijrs'**-'trc  p,  f>6a. 
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Stations,  these  having  tags,  or  marks,  where  the  soundings  are 
to  be  taken*  These  methods  are  severally  adapted  to  differ^ 
cnt  conditions  and  objects,  and  will  be  described  in  order. 

227.  Two  Angles  read  on  Shore.— If  two  instruments 
(transits  or  sextants)  be  placed  at  two  known  points  on  shore, 
and  the  angles  subtended  by  some  other  fixed  point,  and  the  boat 
be  read  by  both  instruments,  when  a  sounding  is  taken,  the  in- 
tersection  of  the  two  pointings  to  the  boat,  when  plotted  on  the 
chart  containing  the  points  of  observation  duly  plotted,  will 
be  the  plotted  position  of  the  sounding*  If  three  instruments 
arc  read  from  as  many  known  stations,  then  the  three  point- 
ings to  the  boat  should  intersect  in  a  point  when  plotted*  thus 
furnishing  a  check  on  the  observations.  The  objections  to 
this  method  are  that  it  requires  at  least  two  observers,  and 
these  must  be  transferred  at  intervals,  as  the  work  proceeds,  in 
order  to  maintain  good  intersections,  or  in  order  to  see  the 
boat  at  all  times.  While  an  observer  is  shifting  his  posi- 
tion the  work  must  be  suspended.  If  there  are  long  lines  of 
off-shore  soundings  to  be  made  and  there  are  no  fixed  points  or 
stations  on  shore  of  sufficient  distinctness  or  prominence  to  be 
observed  by  the  sextant  from  the  boat,  then  this  method  must 
be  used.  When  the  angles  are  read  on  shore  signals  should  be 
given  preparatory  to  taking  a  sounding,  and  also  when  the 
sounding  is  made.  If,  liowever,  fhe  soundings  are  taken  at 
regular  intervals  the  preparatory  signal  may  be  omitted,  and 
only  the  signal  given  when  the  sounding  is  taken.  This 
usually  consists  in  showing  a  flag.  The  instrument  may  be  set 
to  read  zero  when  pointing  to  the  fixed  station.  This  reading 
need  only  be  taken  at  intervals  to  test  the  stability  of  the 
instrument, 

228.  By  Two  Angles  read  in  the  Boat  to  three  points  on 
shore  \i hose  relative  prtsition^  are  known.  This  is  called  the 
** three-point*'  problem.  Let  A,  C,  and  B  be  the  three  shore 
points,  being  defined  by  the  two  distances  a  and  *  and  the  angle 
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C     Let  the  two  angles  P  and  P'  be  measured  at  the  point  i 
The  problem  is  to  find  the  distances  AP ^nd  BP. 

{a)  Anaiytkal  Solution, — Let   the  ua 
known  angle  at  A  be  x,  and  that  at  ^1 
B  /,     Then    we   may    form    two  equation 
from   which    x    and   j^   may  be    found 
For, 


/:t=?J"Vf  = 


sin  y 


Also- 


sin  P        sin  P' 


36o°^(P+F  +  {:)  =  J?- 


From  ^2), 


^R- 


and 


sm 


/  =  Sin  7?  cos  X  —  cos  R  sin  x. 


Substitute  this  value  of  %m  y  in  (l),  reduce,  and  find 


cot  X  = 


a  s\n  P^  ^S  sin  Pcos  R 
b  sin  Psvx\  R 


~  cot  R  I T-^D 5  +  U*        .      •      » 

\i  sm  P  cos  i?  ^     / 


When  X  and  y  are  found,  the  sides  AP  and  BP  are  readily 
obtained.     This  is  perhaps  the  simplest  analytical  solutiorn 
the  problem. 

\i>\  Geometrical  Soluiion, — The  following  geometrical  so!« 
tion  i^  of  some  interest,  though  it  is  seldom  used  : 

Let  A,  C  and  ^  be  the  fixed  points  as  before,  and  Pt 
F  Xht  observed  angles.     Having  the  points -4,  B^  and  C  plottc 
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The  same  holds  for 


in  their  true  relative  positions,  draw  from  A  the  line  AD, 
making  with  ^ if  the  angle  F  {CPB),  and  from  S  the  line  BD, 
making  with  AB  the  angle  P  {A PC), 
cutting  the  former  line  in  D,  Through 
A,  J}^  and  B  pass  a  circle,  and  through  C 
and  D  draw  a  Hne  cutting  the  circum- 
ference again  in  P.  The  point  /'is  the 
plotted  position  of  the  point  of  observa- 
tion from  which  the  angles  i^and  P  were 
measured. 

For  P  must  lie  in  the  circumference 
through  ADB  by  construction,  otherwise 
ABDwovAd  not  be  equal  toAPD,  as  they 
are  both  measured  by  the  same  arc  AD. 
the  angle  P',  Also,  the  line  PD  must  pass  through  C  otlier- 
wise  the  angle  A  PC  would  be  greater  or  less  than  P,  which 
cannot  be.  The  point  Pis  therefore  on  the  line  CA and  also 
on  the  circumference  of  the  circle  through  ADB,  whence  it  is 
at  their  intersection. 

This  demonstration  is  valuable  as  showing  when  this 
method  of  location  fails  to  locate,  and  when  the  location  is 
poor.  For  the  nearer  the  point  D  comes  to  C  the  more  un- 
certain becomes  the  direction  of  the  line  CAand  when  D  falls 
at  C— that  IS,  when  P  is  on  the  circumference  of  a  circle  through 
A^  B,  and  C — the  solution  is  impossible,  inasmuch  as  P  may 
then  be  anywhere  on  that  circumference  without  changing  the 
angles /* and  P'*  This  is  also  shown  by  equation  (5),  above; 
for  if  A,  C,  B,  and  Pall  fall  on  one  circumference,  then  x  -^  y 
^  R=  !8o°;  whence  cot  jr=i  00  X  o,  which  is  indeterminate. 
For  cot  ^  =  —  00,  and  cos  R  =  —  i^  Also  ^  sin  P  =  ^  sin  P, 
both  being  equal  to  the  perpendicular  from  Con^^.     The 


equation  then  becomes 


cot  X  =  ocfi  —  1)  =  ^  X  o. 
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B       {c)  Mechanical  Solution, — If  the  three  known  stations  be 
plotted  in  position  and  the  two  observed  angles  be  carefully 
set  on  a  three-armed  protractor,*  then  when   the  three   radial 
edges  coincide  with  the  three  stations,  the  centre  of  the  pro- 
Bt^'sctor  circle  corresponds  to  the  position  of  the  point  of  obscr- 
I      vation*     With  a  good  protractor  this  method  gives  the  posi- 
tion of  the  point  as  closely  as  the  nature  of  the  observations 
themselves  would  warrant.     It  is  the  common  method  of  plot 
ting  soundings  when  two  sextant  angles  have  been  read  from 
^the  sounding  boat. 

f       Wood's  double  sextant  (see  p*  113)  is  designed  to  read  these 

two  angles  simultaneously.    In  the  hands  of  an  expert  observer 

this  instrument  is  very  valuable  for  surveys  on  running  water* 

{d)  Graphical  Solniion. — The  angles  may  be  laid  off   on 

tracing-paper  or  linen  by  lines  of  indefinite  length*  and  this 

laid  on  the  plot  and  shifted  in  position  until  the  three  radia! 

I      lines  coincide  with  the  three  stations,  wlien  their  intersection 

^Lmarks  the   point   of  observation.     This   is   the  most   ready 

^^  method  of  plotting  such  observations  when   no  three-armed 

i       protractor  is  available. 

^p  The  advantages  of  this  method  of  locating  soundings  are 
that  it  requires  but  one  ^observer,  no  time  Is  lost  in  changing 
^  stations,  and  the  party  are  all  togetlicr,  and  hence  there  can  be 
B  no  misunderstandings  in  regard  to  the  work.  If  the  soundings 
arc  made  in  running  water,  so  that  tht:  boat  cannot  be  stopped 
long  enough  to  read  two  sextant  angles,  two  sextants  are 
sometimes  used  with  one  observer,  he  setting  both  angles  and 
reading  them  afterwards  :  or  two  observers  may  be  employed 
in  the  same  boat  and  the  angles  taken  simultaneously* 

229,  By  one  Range  and  one  Angle.— The  range  may  be 
two  stations  or  poles  set  in  line  on  shore,  or  it  may  consifit  of 
one  point  on  shore  and  a  buoy  set  at  the  desired  position  off^ 


*  For  description,  with  cm,  see  p,  167, 
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shore.  If  buoysare  used  they  must  be  located  by  triangulation 
from  the  shore  stations*  A  trianguLition  system  along  a  rocky 
or  wooded  coa.=^t  may  consist  of  one  line  of  sta- 
tiofts  on  short:  and  a  corresponding^  line  of  buoys. 
The  angles  are  read  only  from  the  shore  stations, 
two  angles  in  each  triangle  being  observed.  If 
the  buoysare  well  set  and  the  work  done  in  calm 
weather,  the  results  will  be  good  enough  for  to- 
pographical or  hydrographical  purposes.  The 
slationsand  buoys  should  be  opposite  each  other, 
as  in  the  figure,  and  readings  taken  to  the  two 
adjacent  shore  stations  and  to  the  three  nearest 
buoys  from  each  shore  station.  If  the  length  of 
any  line  of  this  system  be  known,  the  rest  can  be 
Hbind  when  the  angles  at  A,  B,  C,  and  D  are 
HReasured.  In  such  a  system  the  measured  lines 
should  recur  as  often  as  possible,  ordinary  chain- 
ing being  sufficient. 

230.  Buoys,  Buoy-flags,  and  Range-poles.— A  conveni- 
ent buoy  for  this  purpose  may  be  made  of  any  light  wood, 
eighteen  inches  to  three  feet  long  in  tideless  waters,  and  long 
enough  to  maintain  an  erect  position  in  tide-waters.  It  should 
be  from  six  to  ten  inches  in  diameter  at  top.  and  taper  towards 
the  bottom.  If  the  buoy  is  not  too  long,  a  hole  may  be  bored 
through  its  axis  for  the  flag-pole,  which  may  then  project  two 
or  three  feet  below  the  buoy  and  as  high  above  it  as  desired. 
The  buoy  rope  is  then  attached  to  the  bottom  end  of  the  pole 
and  made  of  such  length  as  to  maintain  the  pole  in  a  vertical 
position  in  all  stages  of  the  tide*  The  anchor  may  be  any  suffi- 
ciently heavy  body,  as  a  rock  or  cast-iron  disk.  If  the  buoys 
are  liable  to  become  confused  on  the  records,  different  designs 
may  be  used  in  the  flags,  as  various  combinations  of  red,  white, 
and  blue,  all  good  colors  for  this  purpose. 

The  range-poles  should  be  whitewashed  so  as  to  show  up 


30C 


SUf^VEY'IKG. 


¥ 


¥ 


against  the  background  of  the  shore.  The  ranges  are  desig-J 
nated  by  attaching  to  the  rear  range-poles  slats  (barrel-staves 
would  serve)  arranged  as  Roman  numerals  when  read  up  or 
down  the  pole.  If  range-poles  are  relied  on,  they  must  be  ver} 
carefully  located  and  plotted,  in  order  to  establish  accurately 
a  long  line  of  soundings  from  a  very  short  fixed  base.  i 

The  observed  angle  may  be  either  from  the  boat  or  from  i 
point  on  shore.  In  either  case  any  other  range-post  of  the 
series  may  be  used  cither  for  the  position  of  the  obserxxr,  i( 
on  shore,  or  for  the  other  target-point  if  the  angle  is  read  frcmj 
the  boat. 

231.  By  one  Range  and  Time  intervals, — This  is  a  very 
common  and  efficient  method,  and  quite  satisfactory  ivhcrc 
soundings  need  not  be  located  with  the  greatest  accuracy  and 
where  there  is  no  current,  A  boat  can  be  pulled  in  still  wakr 
with  great  uniformity  of  speed  \  and  if  the  soundings  be  tabn 
at  known  intervals  with  the  ends  of  the  line  of  soundings  fixed, 
the  time-intervals  will  correspond  almost  exactly  with  the 
space4ntervals.  If  the  ends  of  the  line  of  soundings  are  ml 
fixed  by  buoys  or  sounding-stations  on  shore,  but  the  line  sim- 
ply  fixed  by  ranges  back  from  the  water's  edge,  the  positions  of 
the  end  soundings  may  be  fixed  by  angle- readings  and  the  bal- 
ance interpolated  from  the  time-intervals. 

232.  By  means  of  Intersecting  Ranges. — This  method 
is  only  adapted  to  the  case  where  soundings  are  to  be  repeated 
many  times  at  the  same  places.  When  the  object  of  the  sur- 
vey is  to  study  the  changes  occurring  as  to  scour  or  fill  on  tk 
bottom  it  is  very  essential  that  the  successiv^e  soundings  shouiu 
coincide  in  position >  otherwise  discrepant  results  w*ould  provr 
nothing.  Such  surveys  are  common  on  navigable  rivers  and 
in  harbors.  Many  systems  of  such  ranges  could  be  described 
but  the  ingenious  engineer  will  be  able  to  devise  a  system 
adapted  to  the  case  in  hand. 

233.  By  means  of  Cords  or  Wires.— In  the  case  of  a  fixd 
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but  narrow  navigable  channel,  having  an  irregular  bottom,  or 
undergoing  improvement  by  dredging,  it  may  be  found  advis- 
able to  set  and  locate  stakes  on  opposite  sides  of  the  channel^ 
to  stietch  a  graduated  cord  or  wire  between  them»  and  to  locate 
the  soundings  by  this.  By  such  means  the  location  would  be 
the  most  accurate  possible. 


MAKING   THfi  SOUNDINGS,* 


1234.  The  Lead  is  usually  made  of  lead,  and  should  be  long 
nd  slender  to  diminish  the  resistance  of  the  water  It  should 
'eigh  from  five  pounds  for  shallow,  still  water,  to  twenty 
pounds  for  deep  running  water,  as  in  large  rivers*  If  depth 
onh'  is  required*  the  lead  may  be  a  simple  cylinder  something 
like  a  sash-weight  for  windows.  If  specimens  of  the  bottom 
are  to  be  brought  to  the  surface  at  each  sounding,  the  form 
shown  in  Fig.  71  may  be  used  to  advantage.  An  iron  stem» 
/^  is  made  with  a  cup,  r,  at  its  lower  end.  The 
stem  has  spurs  cut  upon  it,  or  cross-bars  attached 
to  it,  and  on  this  is  moulded  the  lead  which  gives 
the  requisite  weight.  Between  the  cup  and  the 
lead  is  a  leather  cover  sliding  freely  on  the  shank 
and  fitting  tightly  to  the  upper  edges  of  the  cup. 
When  the  cup  strikes  the  bottom,  it  sinks  far 
enough  to  obtain  a  specimen  of  the  same,  which 
is  then  safely  brought  to  the  surface,  the  leather 
cover  protecting  the  contents  of  the  cup  from  be- 
ing washed  out  in  raising  the  lead.  A  conical  cav- 
ity in  the  lower  ^nA  of  the  lead»  lined  with  tallow» 
is  often  used,  and  it  is  found  very  efficient  for  in* 
liicating  sand  and  mud.  It  is  often  very  essential  to  know 
w^hether  the  bottom  is  composed  of  gravel,  coarse  or  fine,  sand, 
mud,  clay,  hardpan,  or  rock,  and  this  knowledge  can  be  ob- 
tained with  the  cup  device  described  above. 

235*  The  Line  should  be  of  a  size  suited  to  the  weight  of 
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the  lead,  and  made  of  Italian  hemp.  It  is  prepared  for  use  by 
first  stretching  it  sufficiently  to  prevent  further  elongation  in 
use  after  it  is  graduated.  Probably  the  best  way  to  stretch  a 
line  is  to  wind  it  tightly  about  a  smooth-barked  tree,  securely 
fasten  both  ends,  wet  it  thoroughly,  and  leave  it  to  dry.  Then 
rewind  as  before,  taking  up  the  slack  from  the  first  stretching, 
and  repeat  the  operation  until  the  slack  becomes  inappreciable. 
It  may  now  be  graduated  and  tagged.  Sometimes  it  is  fastened 
to  two  trees  and  stretched  by  means  of  a  **  Spanish  windlass/' 
and  then  wet.  It  is  quite  possible  to  stretch  the  line  too  mtich, 
(or  sometimes  sounding-lines  have  shortened  in  use  after  hting 
stretched  by  this  method.  Soundings  at  sea  are  taken  in  fath- 
oms. On  the  U,  S,  Lake  Survey  all  depths  over  twenty- 
four  feet  (four  fathoms)  were  given  in  fathoms^  and  a!) 
depths  less  than  that  limit  were  given  in  feet.  On  river  and 
harbor  surveys  it  is  common  to  give  depths  in  feet.  Channc 
soundings  on  the  Western  rivers  made  by  boatmen  are  given 
in  feet  up  to  ten  feet,  then  they  are  given  in  fathoms  and  quar 
ters,  the  calls  being  **quartcr-less-twain/*  **mark-twain,"  **qiiaii 
ter-twain/*  *'  half-twain/*  ''  quarter-less-three/*  '*  mark-three/ 
etc,  for  depths  of  i  J,  2,  2^,  2^,  2|,  3,  etc,,  fathoms  respectively 
If  the  line  is  graduated  in  feet  leather  tags  are  used  ever] 
five  feet,  the  intermediate  foot-marks  being  cotton  or  woolkn" 
strips.  The  ten- foot  tags  arc  notched  with  one,  two,  three, 
etc.,  notches  for  the  10-,  20-,  30-,  etc,  foot  points,  up  10  fiity 
feet.  The  fifty- foot  tag  may  have  a  hole  in  it,  and  the  60-,  JC 
80-*  etc,  foot-marks  have  tags  all  with  one  hole  and  with  onfl 
two,  three,  etc,  notches.  The  intermediate  five-foot  pointt 
have  a  simple  leather  tag  unmarked.  Sometimes  the  figur 
are  branded  on  the  leather  tags,  but  notches  are  more  casiljf 
read.  The  zero  of  the  graduation  is  the  bottom  of  the  lead. 
The  leather  tags  are  fastened  into  the  strands  of  the  line;  the 
cloth  strips  may  be  tied  on.  The  line  should  be  frequently 
tested,   and  if  it    changes    materially   a    tabic    of   currcclioiis 
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should  be  made  out  and  all  soundings  corrected  for  erroneous 
length  of  line. 

236,  Sounding-poles  should  be  used  when  the  depth  is 
Ics:^  than  about  fifteen  feet.  The  pole  may  be  graduated  to 
feet  simply,  or  to  feet  and  tenths,  according  to  the  accuracy 
required. 

237,  Making  Soundings  in  Running  Water — The 
sounding-boat  should  be  of  the  '*  cutter"  pattern,  with  a  sort 
of  platform  in  the  bow  for  the  leadsman  to  stand  on.  If  the 
current  is  swift,  six  oarsmen  will  be  required  and  two  ob- 
servers and  one  recorder.  One  of  the  observers  may  act  as 
steersman.  If  the  depth  is  not  more  than  sixty  or  eighty  feet, 
the  soundings  are  made  without  checking  tiie  boat,  the  leads- 
man casting  the  lead  far  enough  forward  to  enable  it  to  reach 
bottom  by  the  time  the  line  comes  vertical*  When  the  depth 
and  the  current  are  such  as  to  make  this  impossible,  the  boat 
is  allowed  to  drift  down  with  the  current  and  soundings  taken 
at  intervals  without  drawing  up  the  lead*  The  boat  is  then 
pulted  back  up  stream  and  dropped  down  again  on  another 
line,  and  so  on. 

In  still  water  a  smaller  crew  and  outfit  may  be  used,  as  the 
boat  may  be  stopped  for  each  sounding  if  necessary. 

The  record  should  give  the  date,  names  of  observers,  general 
locality,  number  or  other  designation  of  line  sounded,  the 
time,  the  two  angles,  the  stations  sighted,  and  the  depth  for 
each  sounding,  and  the  errors  of  the  graduated  lengths  on  the 
sounding*linc. 

238,  The  Water- surface  Plane  of  Reference, — In  order 
to  refer  the  bottom  elevations  to  the  general  datum-plane  of 
the  survey,  it  is  necessary  to  know  the  elevation  of  the  water- 
surface  at  all  times  w-hen  soundings  are  taken.  In  tidal  waters 
the  elevation  of  "  mean  tide*'  is  the  plane  of  reference  for  both 
the  topographical  and  hydrographical  surveys,  and  then  the 

.state  of  the  tide  must  be  known  with  reference  to  mean  tide. 
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This  is  found  from  the  liourly  readings  of  a  tide-gauge  (pro^ 
;  vided  it  is  not  automatic),  the  elevation  of  the  zero  of  wbkb, 
with  reference  to  mean  tide- water,  has  been  determined-  All 
soundings  must  then  be  reduced  to  what  they  would  have  been 
if  made  at  mean  tide  before  they  are  plotted. 

If  the  soundings  are  made  in  lakes,  the  datum  is  usually 
the  lowest  water-stage  on  record  ;  and  here  also  gauge-rcadtngs 
are  necessary,  as  the  stage  of  the  water  in  the  lake  varies  from 
year  to  year.  In  this  case  the  gauge  need  only  be  read  twice 
a  day- 

In  rivers  of  variable  stage  the  datum  is  either  referred  to 
mean  or  low* water  stage,  or  else  to  the  general  datum  of  t!ie 
map.  If  the  stage  is  changing  rapidly  the  gauge  should  be 
read  hourly  when  soundings  are  taken,  otherwise  daily  readings 
are  sufficient.  If  the  soundings  are  to  be  referred  to  the 
general  datum  of  the  map,  then  the  slope  of  the  stream  must 
be  taken  into  account.  If  they  are  referred  to  a  particular 
stage  of  water  in  the  river,  then  the  slope  does  not  enter  as  a 
correction,  as  the  slope  is  assumed  to  be  the  same  at  all  stages, 
although  this  is  not  strictly  true, 

239,  Lines  of  Equal  Depth  correspond  to  contour  lines 
in  topographical  surveys;  but  to  draw  lines  of  equal  deptii 
with  certainty  the  elevations  of  many  more  points  are  neces- 
sary than  are  needed  for  drawing  contour  lines,  because  llic 
bottom  cannot  be  viewed  directly,  while  the  ground  can  be. 
Where  the  ground  is  seen  to  be  nearly  level  no  elevations 
need  be  taken,  while  for  a  similar  region  of  bottom  a  great 
many  soundings  would  be  required  to  prove  that  it  was  not 
irregular. 

240.  Soundings  on  Fixed  Cross-sections  in  Rivers.— 
Where  the  same  section  is  to  be  sounded  a  prreat  many  times. 
and  especially  when  it  is  desirable  to  obtain  the  successive 
soundings  at  about  the  same  points,  it  is  best  to  fix  ranfc 

kposts  on  the  line  of  the  section  (on  both  sides  if  it  be  a  river] 


//  VBA^OGICA  PlilC  sun  FE  YING. 


30s 


1  then  fix  one  or  more  series  of  intersecting  ranges  at  points 
le  distance  above  or  below  the  section  on  one  or  both  sides 
the  river.  The  soundings  can  then  be  made  at  the  same 
nts  continuously  without  having  to  observe  any  angles  at 

Such  a  system  of  ranges  is  shown  in  Fig,  72.  AA'  and 
^  are  range-poles  on  the  section  line.  O  and  O^  are  tall 
ite  posts  set  at  convenient  points  on  opposite  sides  of  the 
^r,  either  above  or  below  the  section,  L,  IL,  III.,  etc.,  are 
^rter  posts  set  near  the  bank  in  such  positions  that  the  in- 

ction  of  the  lines  O-l.,  C-IL,  etc.,  with  the  section  range 


Fig,  7a. 

r  will  locate  the  soundings  at  I,  2,  etc.,  on  this  section  line. 
e  posts  in  the  banks  should  be  marked  by  strips  nailed  upon 
m  so  as  to  make  the  Roman  numerals  as  given  in  the  fifrnre, 
:h  a  system  of  ranges  as  the  above  is  useful  also  for  fixing 
nts  on  a  section  line,  for  setting  out  floats,  or  for  running 
rent  meters  for  the  determination  of  river  discharge. 
241,  Soundings  for  the  Study  of  Sand-waves,— In  all 
£S  where  streams  flow  in  sandy  beds*  the  bottom  consists 
I  series  of  w^ave-like  elevations  extending  across  the  chan- 
These  are  very  gently  sloping  on  the  up-stream   side 
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and  quite  abrupt  on  the  lower  side.  They  are  called  sane 
waves,  or  sand-reefs.  They  are  constantly  moving  dowi 
stream  from  the  slow  removals  from  the  upper  side  and  accr 
tions  on  the  abrupt  lower  face.  They  have  been  observed 
high  as  ten  feet  on  the  Mississippi  River,  and  with  a  rate 
]  motion  as  great  as  thirty  feet  per  day.  In  order  to  study  ll 
I  size  and  motion  of  these  sand-waves,  it  is  necessary  to  lak< 
soundings  very  near  together,  on  longitudinal  lines  over  tl 
same  paths  at  frequent  intervals  for  a  considerable  peri 
The  boat  is  allowed  to  drift  with  the  current  and  the  lead  float 
with  the  boat  near  the  bottom.  It  is  lowered  ^to  the  bottoJ 
every  few  seconds  and  the  depth  and  time  recorded.  Aboi 
once  a  minute  tlie  boat  is  located  by  two  instruments  on  shot 
or  in  the  boat,  and  so  the  exact  path  of  the  boat  located, 
profile  of  the  bottom  can  then  be  drawn  for  the  path  of  thi 
boat.  A  few  days  later  the  same  line  is  sounded  again  in 
similar  manner  and  the  two  profiles  compared.  It  will 
found  that  the  waves  have  all  moved  down^stream  a  short  dii 
tance,  the  principal  waves  still  retaining  their  main  charat 
teristicSj  so  that  identification  is  certain.* 

242,  Areas  of  Cross-section  arc  obtained  by  plotting 
the  soundings  on  cross-section  paper,  the  horizontal  scale  be- 
ing about  one  tenth  or  one  twentieth  of  the  vertical.  The 
horizontal  line  representing  the  water  surface  is  drawn,  and  tht 
plotted  soundings  joined  by  a  free-hand  line.  The  encl'>^tAj 
area  is  then  measured  by  the  planimeten  If  the  horizcMi  .^ 
scale  is  50  feet  to  the  inch  and  the  vertical  scale  5  feet  to  the 
inch,  then  each  square  inch  of  the  figure  represents  250  squarr 
feet  of  area.  The  planimeter  should  be  set  to  read  the  arC'i 
in  square  inches,  and  the  result  multiplied  by  250.! 


•  It  Is  bcUeved  the  author  made  the  6rsi  successful  sltjdy  of  the  site  aini 
rate  of  rootion  of  sand* waves,  at  Helena,  Ark.,  on  the  Mississippi  River,  m 
1879.     Sec  Rep,  Chief  of  Engineers,  U.  S.  A*,  1879,  vq[*  iii.,  p,  1963. 

f  See  p,  143  for  a  descnpiion  and  Lheory  of  the  pUnitnelcr. 
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Areas  of  cross-section  are  usually  taken  in  running  water, 
and  here  great  care  must  be  taken  to  get  vertical  soundings, 
and  to  make  the  proper  sounding-line  corrections.  They 
should  be  taken  near  enough  together  to  enable  the  bottom 
line  to  be  drawn  with  sufficient  accuracy. 


BENCH-MARKS,  GAUGES,  WATER-LEVELS,  AND  RrVERSLOPE. 

243,  Bench-marks  should  be  set  in  the  immediate  vi- 
cinity  of  each  water-gauge,  and  these  connected  by  duplicate 
lines  of  levels  with  the  reference  plane  of  the  survey.  If  the 
gauge  is  not  very  firmly  set,  or  if  it  is  necessary  to  move  it  for 
a  changing  stage^  its  zero  must  be  referred  again  to  its  bench- 
mark by  duplicate  levels,  whenever  there  is  reason  to  suspect 
it  may  liave  been  disturbed.  Such  bench-marks  as  these  are 
usually  spikes  in  the  roots  of  trees  or  stumps. 

244.  Water-gauges  are  of  various  designs,  according  to 
the  situation  and  the  purpose  in  view.  For  temporary  use 
during  the  period  of  a  survey,  a  staff  gauge  is  best*  consisting 
of  a  board  painted  white,  of  sufficient  length,  graduated  to  feet 
and  tenths  la  black.  Sometimes  it  is  graduated  to  half-ten ths^ 
but  this  is  useless  unless  in  still  water,  and  there  is  never  any 
need  of  graduation  finer  than  this.  The  gauge  maybe  read  to 
hundredths  of  a  foot  if  the  water  ts  calm  enough.  It  should 
be  nailed  to  a  pile  or  to  a  stake  driven  firmly  near  the  water's 
edge.  It  is  read  twice  a  day*  or  oftener,  if  the  needs  of  the 
service  require. 

For  the  continuous  record  of  tidal  stages  an  automatic,  or 
self- registering*  gauge  is  employed.  For  rivers  with  widely 
varying  stage  an  inclined  scantling  is  fixed  to  stakes  set  from 
low  to  high  water  along  up  the  doping  bank.  It  siiould  be 
placed  at  a  point  where  tlie  bank  is  neither  caving  away  nor 
growing  by  filling-in  of  new  deposits.  After  the  scantling  is 
set  (the  slopes  not  necessarily  the  same  throughout  its  length), 
the  foot  and  tenth  graduations  are  set  by  means  of  a  level  and 
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marked  by  driving  copper  tacks.  The  automatic  gatige  is 
described  in  Chap.  XIV-  The  staff  gauge  is  the  one  generally 
used  for  engineering  and  surveying  purposes. 

245.  Water-levels. — The  surface  of  stiil  water  is  by  defi- 
nition a  level  surface.  This  fact  is  used  to  great  advanUge 
on  the  sea-coast,  on  lakes,  ponds,  and  even  on  streams  of  little 
'  slope  or  on  such  as  have  a  known  slope.  Thus,  in  finding  the 
I  elevations  of  the  Great  Lakes  above  the  sea4evel,  the  elevation 
above  mean  tide-water  of  the  zero  of  a  certain  water-gauge  at 
Oswego,  N,  Y.,  on  Lake  Ontario,  was  determined*  Then  the  rela. 
live  elevations  of  the  zeros  of  certain  gauges  at  Ports  Dalhousie 
and  Colborne,  at  the  lower  and  upper  ends  ot  the  Welland 
Canal  respectively,  were  found  by  levelling  between  them,  thus 
connecting  Lake  Ontario  with  Lake  Erie,  Lakes  Erie  and  Hu. 
ran  wxre  joined  in  a  similar  manner  by  connecting  a  gauge  at 
Rockwood,  at  the  mouth  of  the  Detroit  River  with  one  at  Lake* 
port,  at  the  lower  end  of  Lake  Huron.  Lakes  Michigan  andj 
Huron  were  assumed  to  be  of  the  same  level  on  account  ofi 
the  small  flow  between  them  and  the  very  large  sectional  areiJ 
of  the  Straits  of  Mackinac,  Finally,  a  gauge  at  Escanaba,  on] 
Lake  Michigan,  was  joined  by  a  line  of  levels  with  one  at  Mar- 
quette, on  Lake  Superior  This  completed  the  line  of  levels' 
from  New  York  to  Lake  Superior,  when  sufficient  gauge-read- 
ings had  been  obtained  to  enable  water  /et^/s  to  be  carried  from 
Oswego  to  Port  Dalhousie,  on  Lake  Ontario  ;  from  Port  Col- 
borne  to  Rock  wood*  on  Lake  Erie  •  and  from  Lakeport,  on 
Lake  Huron,  to  Escanaba,  on  Lake  Michigan,  It  was  found 
that  these  water-levels  were  very  accurate*  Relative  gauge- 
readings  were  compared  for  calm  days*  as  well  as  for  days 
when  the  wind  was  in  various  directions,  and  a  final  me^n 
value  found  which  in  no  case  had  a  probable  error  as  great  as 

a  I  foot,"* 


*See  Pnmarv  TriaTiRulaiioi:  of  the  U.  S.  Lakt  SarvtT* 
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A  line  of  levels  run  along  a  lake  shore  or  canal  in  calni 
ireather  should  be  checked  at  intervals  by  reading  to  the 
rater-surface,  and  in  a  topographical  survey  the  stadia-rod 
hould  frequently  be  held  at  the  water-surface,  even  when  the 
>ody  of  water  is  a  stream  with  considerable  slope,  as  it  gives 
,  check  against  large  errors  even  then,  and  at  the  same  time 
fives  the  slope  of  the  stream.  Mean  sea-level  at  all  points 
i-n  the  sea-coast  is  universally  assumed  to  define  one  and  the 
ame  level  surface.  It  is  probable,  however,  that  this  is  not 
trictly  true*  Wherever  a  constant  ocean  current  sets  stead- 
\y  against  a  certain  coast,  it  would  seem  that  the  water  here 
niist  be  raised  by  an  amount  equal  to  the  head  necessary  to 
[eneratc  the  given  lost  motion.  If  the  current  flows  into  an 
nclosed  space,  as  the  equatorial  current  into  the  Gulf  of 
ifexico,  or  the  tides  into  the  Bay  of  Fundy,  the  water-surface 
lay  rise  much  higher.  There  is  some  evidence  that  the  ele- 
at  ion  of  mean  tide  in  the  Gulf  of  Mexico  is  two  or  three  inches 
tgher  than  that  of  the  Atlantic  at  Sandy  Hook  The  cvi- 
ence  on  this  point  is  as  yet  insufficient  to  warrant  any  certain 
snclusion,  however. 

246-  River  Slope  is  a  very  important  part  of  a  river  survey, 
ometimes  it  is  desirable  to  determine  it  for  a  given  stretch 
f  river  with  great  care,  in  which  case  it  is  well  to  set  gauges 
t  the  points  between  which  tlie  slope  is  to  be  found  and  con^ 
ect  them  by  duplicate  lines  of  accurate  levelling.  The  gauges 
re  then  read  simultaneously  every  five  minutes  for  several 
ours  and  the  comparison  made  between  their  mean  readings* 
Tiis  is  always  done  in  connection  with  the  measurement  of  the 
ischarge  of  streams  when  the  object  is  to  find  what  function 
be  discharge  is  of  the  slope.  It  is  now  known,  however,  that 
r  natur^  channels  the  discharge  is  no  assignable  function  ol 
5c  slope,  as  is  explained  in  section  259,  For  ordinary  purposes 
p^iver  slope  may  be  determined  with  sufficient  accuracy  by 
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simply  reading  the  level  or  the  stadia-rod  at  water-surface  as 
the  survey  proceeds,  daily  readings  of  stage  being  made  al 
permanent  gauges  at  intervals  of  fifty  miles  or  less  along  the 
river. 

f  In  all  natural  channels  the  local  slope  is  a  very  variable 
quantity.  It  is  frequently  negative  for  short  distances  in  cer- 
tain stages,  and  over  the  same  short  stretch  of  river  it  may 
vary  enormously  at  different  stages,  and  even  for  the  same 
tage  at  different  times.  It  is  determined  by  the  local  channd 
conditions,  and  these  are  constantly  changing  in  streams  flow. 
ing  in  friable  beds  and  subject  to  material  changes  of  stage* 
Great  caution  must  therefore  be  exercised  in  ititrodudng  it 
into  any  hydraulic  formulae  for  natural  channels.  It  is  usually 
expressed  as  a  fraction,  being  really  the  natural  sine  of  tk 
angle  of  the  surface  to  the  horizon*  That  is,  if  the  slope  is  one 
foot  to  the  mile  it  is  ^^  ^  0.0001S9. 


THE  DISCHARGE   OF   STREABfS. 


y     247.  Measuring  Mean  Velocities  of  Water  Currents- 

— This  is  usually  done  only  for  the  purpose  of  obtaining  the 
discharge  of  the  stream  or  channel,  but  sometimes  it  is  danf 
for  other  purposes,  as  for  the  location  of  bridge  piers  or  harbor 
improvements.  In  the  case  of  bridge  piers  the  direction  ot 
the  current  at  different  stages  must  be  known,  so  that  the  piers 
may  be  set  parallel  to  the  direction  of  the  current*  For  find* 
ing  the  discharge  of  the  stream  or  other  channel  the  object  may 

*be  : 
(1)  To  obtain  an  approximate  value  of  the  discharge  at  the 
given  time  and  place, 

(2)  To  obtain  an  exact  value  of  the  discharge  at  the  given 
ime  and  place. 

(3)  To  obtain  a  general  formula  from  which  to  obtain  sub* 
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sequent  discharges  at  the  given  place,  or  to  test  the  truth  of 
existing  formulae,  or  to  determine  the  relative  efficiency  of 
certain  appliances  or  methods. 

It  will  be  assumed  that  the  second  object  is  the  one  sought, 
and  modified  forms  of  the  methods  used  to  accomplish  this 
may  be  chosen  for  other  cases. 

The  fftean  velocity  of  a  stream  is  by  de^  nit  ion  the  total  dis- 
charge in  cubic  feet  per  second  divided  by  the  area  of  the 
cross-section  in  square  feet.  This  gives  the  mean  velocity  in 
feet  per  second.  Evidently  this  is  the  mean  of  the  veloci- 
ties of  all  the  small  filaments  (as  of  one  square  inch  in  area)  on 
tlie  entire  cross-section.  If  the  velocities  of  these  filaments 
could  be  simultaneously  and  separately  observed  and  their 
mean  taken,  thiis  would  be  the  mean  velocity  of  the  stream.  It 
IS  quite  impossible  to  do  this  ;  but  the  nearer  this  is  approached, 
the  more  accurate  is  the  final  result-  If,  however,  we  could 
obtain  by  a  single  observation  the  mean  velocity  of  all  the  fila- 
ments in  a  vertical  plane,  the  number  of  necessary  observations 
would  be  diminished  without  diminishing  the  accuracy  of  the 
result.  There  are  two  common  methods  of  measuring  the  ve- 
locities of  filaments  at  any  part  of  the  cross-section,  and  one 
for  obtaining  at  once  the  mean  velocity  in  a  vertical  plane. 
These  are  by  sub-surface  floats  and  current<metcrs,  and  by  rod 
floats,  respectively- 

248.  By  Sub-surface  Floats*— The  ideal  sub-surface  float 
consists  of  a  large  intercepting  area  maintained  at  any  depth 
in  a  vertical  position  by  means  of  a  fine  cord  joined  to  a  sur^ 
face  float  of  minimum  immersion  and  resistance,  which  bears 
a  signal-flag.  As  good  a  form  as  any,  perhaps,  for  the  I'^wer 
float,  or  intercepting  plane,  consists  of  two  sheets  of  galvanised 
iron  set  at  right  angles,  and  intersecting  in  their  centre  lines,  a!» 
shown  in  Fig.  73.  There  are  cylindrical  air-cavities  alonjf  the 
upper  edges  and  lead  weights  attached  to  the  lower  edj^r^  «j{ 
the  vanes.     These  serve  to  give  the  desired  tension  m\   \\\r 
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connecting  cord  and  to  maintain  the  float  In  an  upright 
tion,  even  though  the  cord  is  drawn  out  of   the  vertical 
faster  upper  currents*   The  vanes  should  be  from  six  to  fifteca 
inches  in  breadth  by  from  eight  to  twenty  inches  high,  accon 
ing  to  the  size  of  the  stream.     The  circular  ribs  serve  sjmplj 
to  hold  the  vanes  in  place.     The  upper  float  is  hollow,  cyliml 


Fig,  73, 


drical  in  plan,  and  carries  a  small  flag*     The  tension  on  the 

cord  should  be  from  one  to  five  pounds,  according  to  the  size 
of  the  floats.  The  cord  itself  should  be  of  woven  silk  and  as 
small  as  possible,  so  as  to  exercise  a  minimum  influence  on  the 
motion  of  the  lower  float.  Wire  is  not  suitable  for  this  pur- 
pose, as  it  kinks  badly  in  handling.  The  theory  is  that  the 
lower  float  will  move  with  the  water  which  surrounds  it,  and 
that  the  upper  float  will  be  accelerated  or  retarded  according 
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the  surface  current  is  slower  or  faster  than  that  at  the  sub- 
crged  float.  The  velocity  of  the  current  at  any  depth  can 
;hus  be  determined  by  running  the  lower  float  at  this  depth 
nd  observing  the  time  required  for  the  upper  float  to  pass 
kctween  two  fixed  range*lines  at  right  angles  to  the  direction 
>l  the  current  about  two  hundred  feet  apart.  The  floats  are 
»tarted  about  one  hundred  feet  above  the  upper  range-line,  and 

Cicked  up  after  having  passed  the  lower  range.  Two  transits 
re  usually  used  for  locating  and  timing  the  floats,  one  being 
t  on  each  range*  When  the  float  approaches  the  upper 
nge  the  observer  on  this  line  sets  his  telescope  on  range  and 
Calif  ready''  as  the  float  enters  his  field  of  view.  The  other 
observer  then  clamps  his  instrument  and  follows  the  float  with 
%he  aid  of  the  slow-motlon  or  tangent  screw.  When  the  float 
crosses  the  vertical  wire  of  the  upper  instrument  he  calls  "  tick/' 
end  the  lower  observer  reads  his  horizontal  angle.  He  then 
sets  his  telescope  on  the  lower  range  while  the  upper  observer 
iolloAvs  the  float  with  his  telescope,  and  the  operation  is  re» 
peated  to  obtain  an  intersection  on  the  lower  range.  One  or 
two  timekeepers  are  needed  to  note  the  time  of  the  two 
"tick"  catls,  the  difference  being  the  time  occupied  by  the 
float  in  passing  from  the  upper  to  the  lower  Tangerine,  Both 
these  signals  are  sometimes  transmitted  telegraphically  to  a 
lingle  timekeeper  When  the  angles  are  plotted  the  path  of 
the  float  is  also  obtained. 

If  the  channel  is  not  too  wide,  wires  may  be  stretched 
across  the  stream  and  the  float  stations  marked  on  these,  or 
the  float  stations  may  be  determined  by  means  of  fixed  ranges 
m  shore.  The  passage  of  the  floats  across  the  section  lines 
may  then  be  noted  by  a  single  individual  without  a  transit, 
using  a  stop-watch  and  possibly  a  field-glass.  He  starts  the 
atch  when  the  float  reaches  the  upper  section,  walks  to  the 
ower  section,  and  stops  the  w^atch  when  the  float  passes  this 
rangcJine.     The  near  range  consists  of  3  plumb  line,  or  wire 
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suspended  vertically;  and  the  observer  stands  several  feetl 
of  this^  and  brings  it  in  lint^  vviili  tlie  range-post  on  th?  oppsiw 
side  of  the  i^trtram. 

If  several  floats  are  started  a  few  minutes  apart  at  the  i 
station  and  at  the  same  depth,  they  will  sometimes  vary  i 


much  as  twenty  per  cent  in  their  times  of  passage,  showing 
great  irregularity  in  the  velocity  of  different  parts  of  the  same 
filament.  This  is  due  to  internal  movements  in  the  water, 
such  as  "  boils/*  eddies,  etc.  It  is  for  this  reason  that  gieat 
refinement  in  such  observations  is  useless.     A  float  observatton 
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ily  the  velocity  ut  a  given  small  volume  of  water  wlikh 

Is  the  lower  float,  while  a  current-meter  observation, 

[be  seen,  gives  Uic  mean  velocity  of  a  given  ^iamint  of 
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the  stream  of  any  required  length*     And  as  different  portion 

of  the  same  filament  have  very  different  longitudinal  velocitic 
it  requires  a  great  many  float  observations  to  give  as  valuab 
information  as  may  be  obtained  by  running  a  current  metj 
in  the  same  filament  for  one  minute. 

If  discharge  observations  are  to  be  repeated  many  times ar 
the  same  sections,  then  an  auxihary  range  should  be  establisJktiJ 
from  which  to  start  the  floats;  and  if  it  is  desirable  to  alway* 
run  them  over  the  same  paths,  these  may  be  fixed  by  meam 
of  a  system  of  intersecting  ranges  as  described  on  p.  305. 

249,  By  Current-meten* — This  is  the  most  accurate  metho 
of  obtaining  sub-surface  velocities  ever  yet  devised*  Thr 
patterns  of  current-meters  are  shown  in  Figs.  74  and  ;3j 
The  first  and  third  are  shown  in  elevation,  together  with  th 
electrical  recording^apparatus*  The  second  is  shown  in  plan 
The  first  has  helicoidal  and  the  other  two  conical  cup-shapes 
vanes.  Neither  has  any  gearing  under  water,  the  record  being 
kept  by  means  of  an  electrical  circuit  which  is  made  and  bn 
ken  one  or  "more  times  each  revolution.  The  cup  vanes  an 
better  adapted  to  water  carrying  fibrous  materials  which  tend 
to  collect  on  the  moving  parts.  The  friction  can  also  be  madd 
less  on  the  cup  meters,  agate  or  iridium  bearings  being  mti} 
The  recording-apparatus  is  kept  on  shore  or  in  a  boat,  \vhik_ 
the  meter  is  suspended  by  proper  appliances  at  any  point 
the  section  at  which  the  velocity  of  the  current  is  to  be  measured 
In  deep  water  a  boat,  or  catamaran,  is  anchored  at  the  desire 


*  Invented  by  Gen.  Theo.  G.  Ellia,  and  first  used  on  the  survey  of  tlie 
Connecticut  River.  The  telegraphic  attachment  is  due  to  D.  Farrsnd  Hcnrf 
of  Detroit.  Mich.     See  Report  of  the  Chief  of  Engineers,  U.  S.  A.,  1878,  p^loS. 

The  form  shown  in  Fig.  7s  is  dtie  10  W.  G,  Price,  and  was  ^^pecialty  de- 
signed 10  be  used  on  the  Mississippi  River.  It  is  very  stronjsj  and  ^dJ  pro* 
tecccd  against  floaiing  drift.  The  first  two  forms  are  maniifattured  by  Bufl 
^  Berger.  of  Boston,  while  the  Price  meter  is  made  by  W.  ^  L.  E,  Gu;lcf, 
Troy.  See  also  the  Ritchie  &  Haskell  meter  for  directiotj  and  velocity  of  ^bIp 
smrrents,  Art.  255. 
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iot.and  a  weight  attached  to  the  meter,  which  is  then  lowered 
the  requisite  depth  by  means  of  a  windlass*  After  it  is  in 
lace  the  connection  is  made  with  the  battery,  and  the  record 
<spt  for  a  given  period  of  time,  as  for  two  or  three  minutes, 
f  the  operation  is  to  be  repeated  often  at  the  same  section  a 
L?%^  ire  anchorage  laid  across  the  stream  above  the  line  would  be 
fe*^^Ufid  useful.  This  wire  is  anchored  at  intervals  and  is  used 
I  «^th  for  holding  the  boat  (or  catamaran)  in  place  and  for  pull- 
b  **^g  it  back  and  forth  across  the  stream*  In  large  rivers  a 
y  ^%eam-Iaunch  may  be  required  for  handling  the  catamaran.* 
b  *  n  this  case  the  record  begins  and  ends  w^hen  the  observer  is 
1  *^rought  on  range,  it  being  impossible  to  hold  up  steadily 
I  ^-gainst  the  current.  If  only  the  discharge  of  the  stream  is 
bought,  the  meter  is  run  at  mid-depth  at  a  sufficient  number 
^^f  points  in  the  section. 

The  mean  vthcity  in  a  vertical  section  at  a  given  point  may 
%>c  obtained  by  moving  the  meter  at  a  uniform  rate  from  sur- 
face to  bottom  and  back  again,  noting  the  reading  of  the  regis- 
ter for  the  two  surface  positions,  and  also  for  the  bottom  posi- 
tion. If  the  boat  was  stationary  and  the  rates  of  lowering  ana 
raising  strictly  constant  and  equal,  the  number  of  revolutions  in 
descending  and  in  ascending  should  be  equal.  Either  of  these 
registrations,  divided  by  the  time,  would  give  the  mean  regis- 
iratii^n  per  second  of  all  the  filaments  in  that  vertical  plane. 
The  nnean  of  the  downward  and  upward  results  may  be  used 
as  giving  the  mean  velocity  in  that  vertical  plane.  This  will 
not  be  quite  accurate,  since  it  is  impossible  to  run  the  meter 
very  close  to  the  bottom,  but  the  results  will  be  found  useful 
^or  comparison  with  the  mid-dcpth  results.  Such  observations 
arc  sometimes  called  integrations  in  a  vertical  plane. 

25a   Rating  the  Meter. — When  any  kind  of  current-metei 

•  For  a  cfescription  of  the  latest  tnethods  used   in  gauging  the   Miss;**ippi 
Mirer  »c^  Report  of  the  Miss*  Riv  Com   for  1&S3,  Appendix  F. 
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is  used  for  determining  the  velocity  of  passing  fluids,  onlythi 
number  of  revolutions  of  the  wheel  carr>ing  the  vanes  is  ob 
served  for  a  given  time.  Before  the  velocity  of  the  fluid  in  (cct 
per  second  can  be  found,  the  relation  between  tlie  rate  of  reva 
lution  of  the  wheel  and  the  rate  of  motion  of  the  fluid  mu^t  I 
determined  for  all  velocities  that  are  to  be  observed.  The  di 
termination  of  this  relation  is  called  raiiug  ike  meter.  It  is 
ally  done  by  causing  the  meter  to  move  tiirough  still  waterafe 


a  uniform  speed,  and  noting  the  time  occupied  and  the  CDn^l 
spending  number  of  registrations  made  in  passing  overa^jivcfli 
distance*     It  may  be  attached  to  the  prow  of  a  boat*  asshowi^ 
in  Fig.  76,  the  electric  register  being  in  the  boat.     The 
tance  divided  by  the  time  gives  the  rate  of  motion  or  velodtf 
of  the  meter  through  the  water.     The  number  of  regislr*iUoiilj 
(revolutions  of  the  wheel)  divided  by  the  time  gives  the  rattJ 
of  motion  of  the  wheel.     The  ratio  of  these  two  rates  is  thcl 
coefficient  by  which   the  registrations  of  the  meter  are  tran^l 
formed  into  the  velocity  of  the  current.     This  ratio  is  no!  ; 
constant*  but  is  usually  a  linear  function  of  the  velocity.   ThosJ 
if  the  observations  be  plotted,  taking  the  number  of  registra- 
tions per  second   as  abscissae  and  the  velocities  m  feet  per 
second  as  ordinates^  they  will  be  found  to  fall  nearly  in  a  riglit ' 
line,  the  equation  of  which  is 
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Here  jt  and  y  are  the  observed  quantities,  while  a  and  k  are 
nstants  for  the  given  instrument.  If  these  constants  could 
found,  then  the  values  of  y  (velocity)  could  be  obtained  for 
observed  values  of  x  (registrations).  There  are  two  ways  of 
ing  this  problem — one  graphical  and  one  analytical.  Evi- 
lly any  two  observations  at  different  speeds  would  give 
ralues  of  u  and  b  \  but  to  find  the  best  or  most  probable  values 
rf  these  constants  a  great  many  observations  are  taken,  so  that 
i^e  have  many  more  observations  than  we  have  unknown  quan- 
ities.  Each  pair  of  observations  would  give  a  different  set  of 
dues  of  a  and  k  The  most  convenient  method  of  finding 
le  most  probable  values  of  these  functions,  though  somewhat 
;>proximate,  i^ 

(I)  The  Graphical  Method  of  Solution. — This  consists  simply 
plotting  the  corresponding  values  of  r  and  y  on  coordi- 
ate  paper,  and  drawing  the  most  probable  straight  line  through 
le  points.  Then  the  tangent  of  the  angle  this  line  makes 
ith  the  axis  of  x  is  a,  and  the  intercept  on  the  axis  of  y  is  b, 
>ne  point  on  this  most  probable  line  is  the  point  i^c^y^^  r^  and 
>  being  the  nuan  vahas  of  the  coordinates  of  all  the  plotted 
Dints.  This  is  shown  by  equation  (3).  Having  determined 
lis  point,  a  thread  may  be  stretched  through  it  and  swung 
rttil  it  seems  to  be  in  a  position  of  equilibrium,  when  each 
oint  is  conceived  as  an  attractive  force  acting  on  the  Hne,  the 
leasure  of  the  force  being  the  vertical  intercept  between  the 
oint  and  the  line.  The  arms  of  these  forces  arc  evidently 
ieir  several  abscissae.  Or  the  forces  may  be  measured  by 
leir  horizontal  intercepts,  and  then  their  arms  are  their  seve- 
al  ordinates.  For  the  position  of  equilibrium  tlic  sum  of  the 
Siomcntsof  these  forces  about  the  point  {x„/„)  would  be  zero,"* 
inch  a  determination  of  a  and  b  would  be  found  sufficiently 
^curate  for  all  practical  purposes,  but  if  desired  the  problem 
riay  be  solved  by 

*  All  tfab  dimply  nutans  to  fijc  tKis  most  probable  line  by  eye,  ihrmjgh  ih« 
>oiflt  \x%y^),  giving  greatest  weight  to  ihe  extreme  pomts. 
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(2)  T/u  Rigid  &r  Analytical  Method. — Equation  (1)  may  I 

written 

Every  observation  may  be  written  in  this  form,  these  beioj 
called  the  observation  equations.     It  is  probable  that  no  givcij 
values  of  a  and  b  would  satisfy  more  than  two  of  these  ob 
vations  ;  and  if  the  most  probable  values  be  used,  there  wouH 
in  general,  be  no  single  equation  exactly  satisfied.     If  wc  I 
x^,  x^,  etc.,  _y,*  j'j,  etc.,  and  v,,  z\,  etc.»  be  the  several  vdtiai 
-f, /,  and  the  corresponding  residuals  for  the  several  obscn 
tion  equations,  we  would  have 


Since  ^  enters  alike  in  all  of  them,  it  is  evident  that  tbe 
equations  are  all  of  equal  value  (or  determining  ^,     AhoointC] 
the  properly  weighted  arithmetic  mean  is  the  most  probabl 
value  of  a  numerously  observed  quantity,  and  since  in  tlvi^  c^ 
the  equations  (or  observations)  have  equal  weight  for  clciti 
mining  ^,  we  may  form  from  the  given  series  of  equation*^ 
single  standard  or  "  normal  *'  equation  which  wilt  be  the^ 
metic  mean  of  the  observation  equations :  put  this  equal  toi 
and  say  this  shall  give  the  value  of  k     If  x,  and  y^  be  themci 
values  of  the  observed  x's  and  y s,  we  would  then  liave,  byadJ-| 
ing  the  equations  all  together  and  dividing  by  their  number 


i-^x^a  -^/,  =  o,  or  *  —  j,  —  x^. 
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Substituting  this  value  of  <S  iii  equation  (2),  we  have 


(jr,  -  X,  )^  -  (/,  ^  J/J  =  X- 


{^m  -  ^*>  -  h'm  -  J»)  =  V^^ 


.    (4) 


We  here  have  a  series  of  equations  involving  one  unknov^n 
quantity;  but  they  evidently  are  not  of  equal  value  in  deter- 
mining the  unknown  quantity  a^  since  its  coefficients  are  very 
different.  In  fact,  the  relative  vahie  of  these  equations  for  de- 
termining a  is  in  direct  proportion  to  the  size  of  this  coefficient, 
so  that  if  this  coefficient  is  twice  as  large  in  one  equation  as  in 
another^  the  former  equation  has  twice  the  value  of  the  latter 
for  determining  a.  In  other  words,  they  should  all  be  weighted 
in  proportion  to  the  values  of  these  coefficients,  and  a  conve- 
nient way  of  doing  this  is  to  multiply  each  equation  through 
entire  by  this  coefficient.  The  resulting  multiplied  equations 
then  have  equal  weight,  and  may  then  be  added  together  to 
produce  another  **  normal ''  equation  for  finding  a.  This  result- 
ing equation  is 


[(j^  -  ^.)']^  -  [(^  -  ^.  (j^-  y.)}  =  o, 


(s) 


where  [  ]  is  a  sign  of  summation.  If  we  had  divided  this 
equation  by  the  number  of  observation  equations  m,  it  would 
in  no  sense  have  changed  it  so  far  as  the  value  of  a  is  concerned* 
From  equation  (5)  we  can  find  the  mean  or  most  probable 
value  of  a,  which  when  substituted  in  (3)  gives  the  most  prob- 
able  value  of  ^,  These  values  should  agree  very  closely  with 
those  found  by  the  graphical  method.  The  analytical  method 
here  given  is  precisely  that  by  least  squares,  though  arrived  at 
through  the  conception  of  a  properly  w^eighted  arithmetic  mean, 
instead  of  by  making  the  sum  of  the  squares  of  the  residuals  a 
minimum. 
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The  following  is  an  actual  example  from  the  records  of  the 

Mississippi  River  Survey: 

REDUCTION  OF  OBSERVATIONS  FOR  RATING  METER  A. 

taken  at  Paducah,  Ky..  June  31,  1BS2, 

h  G.  Prick,  OBstnm:  L,  L  Whjeeleir,  Ctfm/mier* 


Jfo, 

r 

/ 

Jf 

J' 

^--x^ 

i 

BedarkL 

1 100 

S3 

t   S36 

3^774 

+  0,117 

+  0245 

+  0,014 

4-  o*oag 

Observations 

9  lot 

1 

44 

2.295 

4-544 

+  0.526 

+  i.ois 

+  0.277 

+  0.534 

made  wicb 

3  101 

41 

2.464 

4.fi7S 

+  0.695 

+  1-349 

+  0.483 

+  0.938 

metef  OQ  venid 

4\^ 

124 

0  774 

1.613I 

-  o-W 

i—  1.^16 
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+  1.906 

iron  rod,  fiv€ 

5 

94 

152 

o,6[8 

1. 316 

-  I. 151 

—  3,213 

+  1.325 

+  2-548 

feet  in  from  of 

6 

go 

193 

0.466 

1.036 

-  1.303 

-  2.493 

+  1.697 

+  3.249 

bow  ol  skiif,  to 

71  91 

iSi 

0.503 

1. 105 

-    1.366 

-  2.424 

+  1.603 

+  3.06^ 

|K)fid. 

BU03 

zS 

3.673 

7.14a 

+  1-909 

+  3^613 

-f-  3.644 

+  6,903 

9  1 00 

53 

I.Sg6 

3  774 

+  0.117 

+  0.245 

-f  0.014 

+  0.039 

Lef  jf»"j  jf  t34i»i 

i^>|  0 

73 

1543 

3.740 

-  0.437, 

-  0,789 

+  o.rSs 

+  0.337 

^  »w  fed, 

fiii03 

n 

3-553 

6.896 

+   1-783 

+  3-3*^7 

+3.173 

+  6.002 

[^ 

]  =  19.464 

38.8j8  =  t^] 

t(;r-x.)'] 

==  13.407 

25.544=[(^-JrtX/-jM)  | 

jr 

•  = 

1.769 

3-529 

=  /.         * 

b  ^    1 .7^'*  —  3529      -  o  ;  Whence 

13.407a  -  as  544  =  o. 

Equatimt  fet  Raiin^. 
y  =  1.90SX  + 0.159. 


k  ^0.159. 


Even  where  the  analytical  method  is  to  be  used  itlsal 
ways  well  to  plot  the  observations  for  purposes  of  study. 
Then  if  any  observations  are  especially  discrepant,  the  fact  will 
appear.     By  cons^ulting  column  slk  of  the  computation  it  w;ll 

*  Ifi  ihe  origlfial  compuution  llic  inethod  by  least  squires  wa4  used  and  dHj 

probable  errors  ot  a  ^nd  0  found. 
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pe  seen  that  observations  of  greatest  weight  were  those  taken  at 
^ery  high  and  at  very  low^  velocities.     If  the  obhervalions  were 
itaken  in  three  groups  about  equally  spaced,  an  equid  nuniber 
of  observations  in  each  group,  the  members  of  a  group  being 
Hear  together,  then  the  mean  of  each  group  could  be  used  as 
a  single  observation.     Tlie  middle  group  would  serve  to  show 
whether  or  not  the  unknown  quantities  were  linear  functions  of 
tach  other,  since,  if  they  were,  the  three  mean  observations 
should  plot  in  a  straight  line.     The  value  of  a  could  be  com- 
puted from  the  two  extreme  mean  observations,  and  the  vahic 
of  b  from  the  mean  of  all  the  observations  as  before.     Thiii 
would  give  a  result  quite  as  accurate  as  to  treat  them  separately* 
If  the  observations  do    not    plot    in    a   straight  line,  draw 
the  most  probable  line  through  them,  and  prepare  a  table  of 
corresponding  values  of  x  and  y  from  this  curve.     In  any  case, 
a  reduction  table  should  be  used. 

The  meter  should  be  rated  frequently  if  accurate  results  are 
required-  In  the  rating  the  meter  should  be  fastened  several 
feet  in  front  of  the  bow  of  the  boat,  and  in  its  use  it  should  be 
»%in  at  a  sufficient  distance  from  the  boat  or  catamaran  to  be 
fuee  from  any  disturbing  influence  on  the  current, 

251.  By  Rod  Floats.— These  may  be  either  w  ooden  or  tin 
ods,  of  uniform  size,  loaded  at  the  bottom,  and  arranged  for 
plicing  if  they  are  to  be  used  in  deep  water.  If  the  channel 
hereof  uniform  depth,  and  the  rod  reached  to  the  bottom  with- 
t>ut  actually  touching,  then  the  velocity  of  the  rod  would  be 
|hc  mean  velocity  of  all  the  filaments  in  that  vertical  plane,* 


•  This  iJ  not  strictly  true,  sine*  the  pressure  of  a  flukl  ttfKjn  a  body  movmg 
Ebroagh  ii  varies  as  the  square  of  lis  relative  vetocity.  The  rod  moves  faster 
tiian  the  botram  filaments  and  slower  than  the  upper  fibments,  but  this  differ- 
rnce  I*»  greatest  at  ihe  bottom.  Therefore,  the  retarding  action  of  the  bottom 
iJaiTicnts  will  have  undue  weight,  a^  It  were,  and  so  the  velocity  of  the  rod  will 
fe^ly  be  about  one  per  cent  slower  than  the  mean  velocity  of  the  current  Sm 
Lowell  Hydraulic  Expenoienis/'  by  fames  B.  Franci*. 
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and  this  is  the  value  sought.  In  practice  the  rod  can  nev 
reach  the  bottom,  even  in  smooth,  artificial  channels,  while 
natural  channels  the  irregularities  are  usually  such  as  prohib 
its  use  within  several  feet  of  the  bottom.  The  methods 
observation  are  the  same  as  with  the  double  floats,  and  the 
velocity  is  the  mean  velocity  of  the  water  in  that  plane  to  thl 
depth  of  immersion.  For  artificial  channels^  and  for  natun 
channels  not  more  than  twenty  or  thirty  feet  deep,  rod  floats 
may  be  advantageously  used.  Beyond  that  depth  they  cannot 
be  made  of  sufficient  length  to  give  reliable  results.  The 
method  is,  therefore,  best  adapted  to  artificial  channels  of  uni- 
form cross-section. 

The  immersion  of  tlie  rod  should  be  at  least  nine  tenths  of 
the  depth  of  the  water,  in  which  case,  and  for  uniform  channels, 
as  wooden  flumes,  Francis  found  that  the  velocity  of  the  rod 
required  the  following  correction  to  give  the  mean  velocity  oi 
the  water  in  that  vertical  plane  i 

Vm  ^  Vr   [i--o,if6(4^Z?^o.i)]. 
Where       Vm  —  mean  velocity  in  vertical  plane; 
Vr   =  observed  velocity  of  rod  ; 
D     _  depth  of  water  below  bottom  of  rod 
depth  of  water 


For  natural  channels,  or  for  a  less  immersion  than  nine- 
tenths  of  the  depth  the  formula  cannot  be  used  with  certainty* 
The  rods  should  be  put  into  the  water  at  least  twenty  feel 
above  the  upper  section, 

252.  Comparison  of  Methods*— (1)  The  method  by  double 
floats  is  adapted  to  large  and  deep  rivers,  or  rapid  currents 
carrying  much  drift  or  impeded  by  traffic.  It  may  be  used 
in  all  cases,  but  it  has  the  disadvantage  of  registering  onJy  the 
velocity  of  a  small  volume  of  water  surrounding  the  lowci 
goat. 
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(2)  The  method  by  meters  is  adapted  to  large  or  small 
streams.  It  records  the  mean  velocity  of  a  filament  of  indefinite 
length;  but  it  cannot  be  used  where  the  water  carries  consider- 
able Boating  debris,  or  where  the  current  is  too  swift  to  admit 
of  a  safe  anchorage. 

(3)  The  method  by  rods  is  best  adapted  to  small  channels 
of  uniform  section  ;  it  records  the  mean  velocity  in  a  vertical 
plane  to  a  depth  equal  to  its  immersion,  and  it  can  be  univer- 
sally used  when  the  law  of  the  velocities  in  a  vertical  plane  is 
known,  for  then  a  proper  coefficient  could  be  derived  for  any 
depth  of  immersion. 

(4)  One  rod  observation  of  suflScient  immersion  is  prob- 
ably as  good  as  several  float  observations,  and  a  current-meter 
observation  of  two  or  three  minutes  is  worth  as  much  as 
twenty  float  observations  for  the  same  filament,  provided  the 
meter's  rate  is  constant  and  well  determined. 

(5)  The  rods  and  floats  are  cheaper  in  first  cost  than  the 
meter ;  but  if  the  work  is  to  be  prosecuted  for  a  considerable 
period,  the  excess  in  the  cost  of  the  outfit  will  be  more  than 
balanced  by  the  diminished  cost  of  the  work*  by  using  the 
meter.  On  the  whole,  it  may  be  said  that  the  method  by  cur- 
rent-meter is  the  most  accurate  and  satisfactory  of  any  yet  de- 
vised for  measuring  the  velocity  of  running  \vater. 

253.  The  Relative  Rates  of  Flow  in  Different  Parts  of 
the  Cross-sectioov— (i)  In  a  horizontal  plane.  If  the  cross- 
section  of  a  stream  were  approximately  the  segment  of  a  circle, 
then  the  relative  rates  of  flow  of  the  different  filaments  in  any 
horizontal  plane  would  be  very  nearly  represented  by  the  ordi- 
nates  to  a  parabola,  the  axis  of  the  parabola  coinciding  with 
the  middle  of  the  stream.  If  there  should  be  any  shoaling  in 
any  part  of  this  ideal  section  the  corresponding  ordinates  would 
be  shortened,  so  that  when  the  curve  of  the  bottom  is  given 
the  curve  of  velocities  m  a  horizontal  plane  can  be  fairly  pre- 
dicted. This  applies  only  to  straight  reaches.  1(  a  portion  of 
the  section  has  a  flat  bottom  line,  the  velocities  over  this  por- 


r 

^^^^^^^H 

1   ^26 

SU^  VE  YINC,                                                   ^ 
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but  mostly  to  an  inward  surface  flow  from  the  sides  toward 
the  centre,  which  brings  particles  having  a  slower  motion 
towards  the  middle  of  the  surface  of  the  stream.  This  inward 
surface  flow  is  probably  due  to  an  upward  flow  at  the  sides 
caused  by  the  irregularities  of  the  bank,  which  force  the  parti- 
cles of  water  impinging  upon  them  in  the  direction  of  the  least 
resistance  which  is  vertical*  The  curves  in  Fig.  yj  represent 
the  mean  vertical  curves  of  velocity  observed  at  Commbus, 
Ky.,  on  the  Mississippi  River  and  given  in  Humphreys  and 
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Abbot  s  Report.  The  left-hand  vertical  line  is  the  axis  of  ref- 
erence, and  the  curves  are  found  to  fall  between  the  seven-  and 
eight-foot  lines.  That  is,  the  velocity  at  all  depths  in  this 
plane  was  between  seven  and  eight  feet  per  second.  In  thi* 
case  double  floats  W'ere  used,  and  it  is  probable  that  the  bottom 
velocities  were  not  ven-  accurately  obtained.  The  effect  of  the 
wind  is  here  shown  in  shifting  the  axis  of  the  curve.     It  is  tc 

*  Sec  piiperby  F.  P.  Steams  before  the  Am  Soc.  Civ.  Engrs.  v^.  xii.  p,  33 
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be  observed  that  these  curves  all  intersect  at  about  mid-depth. 
That  is  to  say^  the  velocity  of  the  mid-depth  filament  is  not 
affected  by  wind.  This  is  why  the  mid-depth  velocity  shouiti 
be  chosen  when  the  velocity  of  but  a  single  filament  is  to  be 
measured,  and  from  this  the  mean  velocity  in  the  vertical  sec- 
tion derived.  It  has  also  been  found  that  the  mid-depth  veioc* 
ity  is  ver^'^  near  the  mean  velocity,  being  from  one  to  six  per 
cent  greater,  according  to  depth  and  smoothness  of  channel 
In  general,  for  channels  whose  widths  are  large  as  compared 
to  their  depths,  a  coefficient  of  from  .96  to  ,98  wiU  reduce 
mid-depth  velocity  to  the  mean  velocity  in  that  vertical  plane. 

In  Fig.  78*  are  shown  the  relative  velocities  in  different  parts 
of  the  Sudbury  River  Conduit  of  Boston*  The  velocity  at 
each  dot  was  actually  measured  by  the  current-meter.  The 
lines  draw^n  are  lines  of  equal  velocity,  being  analogous  to  con- 
tour  lines  on  a  surface,  the  vertical  ordinates  to  which  would 
represent  velocities.  The  method  of  obtaining  these  velocities 
is  shown  in  Fig.  79.  ^  is  a  pivoted  sleeve  through  which  the 
meter-rod  slides  freely.  At  A  there  is  a  roller  fixed  to  the  rod 
which  runs  on  the  curved  tracks  a  a  a.  The  graduations  on 
these  tracks  fix  the  different  positions  of  the  meter,  these  be- 
ing so  spaced  that  they  control  equal  areas  of  the  cross-section. 
Integrations  were  here  taken  in  iiorizontal  planes  by  moving  the 
meter  at  a  uniform  rate  horizontally, 

254,  To  find  the  Mean  Velocity  on  the  Cross-section 
^It  is  evident  that  this  m^an  velocity  cannot  be  directly  ob- 
served.  In  fact,  it  can  only  be  found  by  first  finding  the  dis- 
charge  per  second  and  then  dividing  this  by  the  total  area  of 
the  section*     That  is  to  say,  the  mean  velocity  is,  by  definition, 


i 


V  = 


9 

A' 


i 


*  This  and  the  following  figure  arc  taken  from  the  paper  by  F.  P.  Stearoi. 
mentioned  in  tool- note  on  the  previous  page. 
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The  area  of  the  section  is  found  by  meaas  of  properly  locate 
soundings.  The  actual  velocities  of  certain  filaments  cros 
this  section  are  then  observed,  and  the  section  subdivided  i 
such  a  way  that  the  observed  velocities  will  fairly  repr 
the  mean  velocities  of  all  the  similar  filaments  (usually 
depth)  in  that  subsection.  Each  observed  velocity  is 
reduced  to  the  mean  velocity  in  that  vertical  plane,  and  thii^ 
assumed  to  be  the  mean  velocity  in  that  subsection.  The 
mean  velocities,  multiplied  by  the  areas  of  their  correspofldia 
sections,  give  the  discharges  across  these  sections,  and  the! 
of  these  partial  discharges  is  the  total  discharge,  Q,  in  tli 
above  equation.    This  may  be  shown  algebraicaliy  as  folloi 

Let  Kit  P^,  V^j  etc.,  be  the  observed  velocities; 

C  the  coefficient  to  reduce  these  to  the  mean^ 
in  a  vertical  plane; 

A,fA^,  At,  etc»,  the  partial  areas  of  the  crosses 
corresponding  to  the  observed  velocities  Vf,  ■ 
K„  etc.; 

A  the  total  area  of  the  cross-section  ^  A^-^A^  +  i 

etc.; 

Qi*  Qt^  Qtt  etc.,  the  partial  discharges; 
Q  the  total  discharge ; 
V  the  mean  velocity  for  the  entire  section- 
Then    Q,^CV,A,;     Q,^CV^,.^tQ,; 

G  =  a  +  a  +  etc.  ^  C{A,V,  +  A,V,  +  etc.); 


and        v  =  ^  -  ^{Ay,  +  A^V,  +  etc.). 
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has  been  here  assumed  that  observations  are  made  at  but 
le  point  in  any  vertical  plane.  The  method  is  the  same,  how- 
per,  in  any  case»  it  only  being  necessary  to  apply  such  a  co- 
Rcient  to  the  observed  velocity  as  will  reduce  it  to  the  mean 
slocity  in  its  own  sub-area.  If  these  partial  areas  are  made 
nalK  as  in  the  case  of  the  Boston  Conduit*  the  observed  ve- 
cities  may  be  taken  as  the  mean  velocities  in  those  areas ;  and 
these  areas  are  all  equal,  which  was  also  the  case  in  this  con^ 
ait,  then  the  mean  velocity  is  the  arithmetic  mean  of  all  the 
;>served  velocities.  The  partial  and  total  areas  are  best  found 
means  of  the  planimeter,  the   cross-section  having  been 

refully  plotted  on  coorditiate  paper, 
255.  Sub*currents. — It  is  often  desirable  to  know  the  direc- 
On  as  well  as  the  velocity  of  flow  beneath  the  surface.  This 
of  especial  importance  in  surveys  for  the  improvement  of  the 
louths  of  tidal  rivers  and  the  adjacent  harbors.  For  this  pur- 
^e  the  Ritchie-Haskell*  Direction-Current  Meter,  Fig,  So,  is 
cIl  adapted* 


Wth  this  meter  the  observer  is  enabled  to  determine, 
bnultaneously,  on  dials  before  him,  the  directim  and  veiocitj 
<any  current. 

The  Direction  Part, — The  central  chamber  of  the  meter  is  a 
Ompass,  whose  needle  is  free  to  assume  the  magnetic  meridian 


•  Invented  by  E.  S.  Ritchie  and  E.  E,  Ilastiell,  the  JaHer  of  the   U.  S.  Cmm 
Id  Geodetic  Survey.     :^raiiu£aaured  by  £.  S   Ritchie  &  Sons,  Brooklme,  Mass. 
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at  all  times.    This  chamber  is  filled  with  oil,  giving  stability 
and  preventing  rust  of  the  needle  and  other  mechanism.    K\ 
expansion  bag  compensates  changes  in  temperature  and  cst3!> 
Hshes  equilibrium  between  inside  and  outside  of  chamber  whca 
immersed. 

By  the  use  of  an  electric  current,  the  angle  to  the  neai 
degree  between  the  direction  of  the  current  and  the  magn 
needle  or  meridian  can  be  measured  on  the  dial  shown  tn 
cut. 

Tke  Velocity  WkceL — This  is  of  the  propeller  type,  conri 
in  form  to  prevent  the  catching  of  weeds,  grass  or  roots, 
pitch  has  been  given  to  the  flukes  that  makes  it  extremelv 
sitive  to  low  velocities,  and  it  is  said  to  register  accurately 
low  as  0.20  of  a  foot  per  second.     The  electric  connections 
made  on  the  inside  through  the  hub  of  the  wheel,  so  that  tl 
cannot  be  deranged*  and  are  positive  in  action.     It  will  reo 
on  any  counting  register  or  a  ch renography 

This  instrument  has  been  used  on  the  U,  S.  Coast  Su 
with  very  satisfactory  results.     It    would    appear   to  pos: 
advantages  over  all  other  forms  of  current  meter,  even  whl 
used  without  the  direction  part, 

256.  The  Flow  of  Water  over  Weirs.*— The  most  a( 
curate  mode  of  measuring  the  flow  through  small  open  channels 
is  by  means  of  weirs.  There  are  three  kinds  of  weirs  witk 
which  the  engineer  may  have  to  deal  in  measuring  the  flow  of 
water, — namely,  sharp-crested  w^eirs.  wide-crested  weirs,  ani 
submerged  weirs. 

A  sharp-crested  weir  is  one  which  is  entirely  cleared  by  tk 
water  in  passing  over  it,  as  in  Fig,  81.     A  wide  crest  is  shown 


*  The  resuhs  given  in  this  and  the  following  article  have  been  mostlv'  tat« 
from  a  paper  by  Ftelcy  and  Sttarns  before  the  Am^  Soc  CiV.  Engrs,,  vol.  P" 
(iSfis'i^  describmg  eKpcrinnents  mAde  m  cannectton  with  the  new  Sudbury  Rivef 
Conduit,  Boston,  Mass.  The  paper  was  awarded  the  Norman  medal  ot  ^^ 
aoctet)\ 
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in  Fig,  82,  and  its  effect  iit  increasing  the  depth  on  the  wfl 
for  a  given  discharge.     If  the  crest  has  a  width  equal  to  the] 
Hne  ab  m  Fig.  81,  then  the  depth  on  the  weir  is  unaffectdij 
while  if  it  has  a  less  width,  as  in  Fig*  84*  and  if  tJu  air  hast 
free  Mcess  to  ike  intervening  space  beneath^  the  water  will ; 
fill  this  space»  and  the  tendency  to  vacuum  here  will  deprei 
the  overflowing  sheet  of  water,  thus  diminishing  the  depths 
the  weir  for  a  given  flow.     The  dotted  lines  in   Fig.  S4 


those  of  normal  flow,  the  full  lines  being  the  new  positioiJ 
assumed  as  a  result  of  the  partial  vacuum  below, 

A  submerged  weir  is  one  at  which  the  level  of  the  watd 
below  the  weir  is  above  its  crest,  there  being,  however,  a  ccrta 
definite  fall  in  passing  the  weir,  as  sho%\^n  in   Fig.  85.      He 
h  =  ti  ~  d'  is  the  fall  in  passing  the  weir. 

Velocity  of  Approach. — This  is  the  velocity  of  the  surfao 
water  towards  the  weir  at  a  distance  above  the  weir  equal 
to  about  two  and  one  half  times  the  height  of  the  weir  abov^ 
the  bottom  of  the  channeh 

End  Contractions. — These  are  the  narrowing  effects  of  th4 
lateral  flow  at  the  ends  of  the  weir.  If  this  lateral  component 
of  the  flow  is  shut  off  by  a  plank  extending  several  feet  up  J 
stream  and  from  the  water's  surface  to  several  inches  bcloi*' 
the  top  of  the  weir,  then  there  is  no  end  contraction,  Tb(* 
arrangement  gives  more  accurate  results,  as  the  correction  fc? 
end  contraction  involves  some  uncertainties, 
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ik  of  Water  on  the  Wcir\ — This  is  the  principal  function 
discharge ;  it  is  the  difference  of  eleva- 
ween  tlie  top  of  the  weir  and  the  surface 
ater  at  a  distance  above  the  weir  equal  to 
\  times  Ihe  height  of  the  weir  above  the 
n  of  the  channel*  Evidently  this  is  a  quan- 
fjijch  cannot  be  directly  measured*  The 
»y  of  measuring  this  quantity  is  as  follows: 
convenient  point  arrange  a  closed  vertical 
hich  connects  by  a  free  opening  with  the 
?l  at  about  mid-depth  at  a  point  some  six 
bove  the  weir.  The  water  will  then  stand 
#box  at  its  normal  elevation,  unaffected  by 
ppe  towards  the  weir.  The  elevation  of 
||ter*surface  is  determined  by  means  o[  a 
iugt\  Fig.  86,  whicli  consists  of  a  metallic 
turned  upwards  and  made  adjustable  in 
l^by  means  of  a  thumb-screw.  When  the 
of  the  hook  comes  to  the  surface  of  the 
it  causes  a  distorted  reflection.  The  eleva- 
f  the  water-surface  can  be  found  in  this 
jth  extreme  accuracy.  The  difference  of 
on  between  the  point  of  the  hook  and  the 
if  the  weir  can  then  be  determined  with  a  Fi*-.  S6. 

nd  rod.  This  difference  is  H  \n  the  following  formula- 
K  Formulae  and  Corrections,— For  a  simple  sharp- 
l  weir,  without  end  contractions  and  with  no  velocity  of 
ich,  the  discharge  in  cubic  feet  per  second  is 

G  =  3  3'^/^«  +  o.oo;A   ..,,.(!) 

L  is  the  length  of  the  weir  and  H  the  depth  of  water 
t,  both  measured  in  feet.  The  weir  must  have  a  level 
jid  vertical  ends ;  it  should  be  in  a  dam  vertical  on  its 
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up-stream  side  ;  the  water  on  the  downstream  side  may  stao 
even  with  the  crest  of  the  weir  if  it  has  considerable  deptl 
The  error  is  not  more  than  one  per  cent  when  the  water  on  lil 
dowii'Stream  side  covers  fifteen  per  cent  of  the  weir  area,  pre 
vided  H  is  then  taken  as  the  difference  In  elevation  of  th 
water-surface  above  and  below  the  wein  In  this  case  Vs4 
liook  gauges  would  be  needed.  The  crest  of  the  weir  shouM 
be  at  a  height  above  the  bottom  of  the  channel  on  the  up 
stream  side  equal  to  at  least  twice  the  depth  on  the  weir,  t 
allow  for  complete  vertical  contraction. 

The  following  corrections  apply  to  their  respective  cond 
tions: 

For  the  velocity  of  approach,  the  depth  on  the  weir,  H*^ 
equation  (i),  is  to  be  increased  by  1.5/1,  where  there  is  no  end 

contraction,  h  being  the  head  due  to  the  velocity,  or  A  = 
At  sea^level  this  correction  becomes 


This  is  to  be  added  to  H  in  equation  (i),  v  being  measured  i 
feet  per  second. 

Where  there  is  end  contraction,  the  correction  is 


C  =^  —~-  ^  0,032V. 

2^ 


^  a 


For  end  contraction,  the  length  of  the  weir,  L  in  equatiafti 

(!),is  to  be  shortened  by  oa^  for  each  such  contraction.   Tliis 

is  a  mean  value,  although  it  varies  from  o.ojH  to  omH  foJ 

different  depths  on  the  weir  varying  from   i  to  0.3  foot,  llic 

smaller  correction  applying  to  the  greater  depth  on  the  wein 
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Far  wide  crrsts  the  correction  to  the  depth  on  the  weir  is 
5onietimes  positive  and  sometimes  negative,  as  shown  in  fig- 
ures 82  and  84.  The  following  correction  is  derived  from  care- 
ful experiments: 


C  —  0.2016  *y  +0*21460^  —  0.1876^, 


(4) 


where 


C  is  the  correction  to  be  added  algebraically  to  the  depth 
on  the  wide  crest  to  obtain  the  depth  on  a  sharp  crest 
which  will  pass  an  equal  volume  of  water ; 

ttr  is  the  width  of  the  crest ; 

y  is  the  difference  between  cSoyw  and  the  depth  on  the 
crest. 

If  the  crest  is  narrower  than  the  line  a^.  Fig,  81,  then  this 
correction  is  not  to  be  applied  unless  the  water  adheres  to  the 
weir  as  in  Fig.  84, 

Ufi-stream  e^ige  of  the  weir  rounded.  If  the  up-stream  edge 
of  the  wetr  is  a  small  quarter-circle,  add  seven  tenths  of  its  ra- 
dius to  the  depth  on  the  weir  before  applying  the  genera!  weir 
formula. 

Suimerged  weir.  When  the  water  on  the  down^stream 
side  rises  above  the  level  of  the  crest,  use  the  formula  for  a 
submerged  weir,  which  is 


Q  =  tl[d+^)Vh, 


(5.> 


where 


Q  is  the  discharge  in  cubic  feet  per  second  ; 

r  is  to  be  taken  from  the  following  table,  its  value  varying 

with  2  \ 

/is  the  length  of  the  weir  in  feet; 
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d  is  the   depth  on  the  weir  in   feet,  measured  from  still 

water  on  the  up-stream  side; 
if  h  the  depth  to  which  the  weir  is  submerged,  mea^ufd 

from  still  water  on  the  down-stream  side; 

A  is  the  fall  and  equals  d  —  d\ 

The  value  of  d  may  be  corrected  for  velocity  of  approach 

by  formulas  (2)  and  (3).     There  is  no  known  correction  for  the 

velocity  of  discharge  below  the  weir,  and   hence   the   formuli* 

[can  only  be  used  for  a  channel  of  large  capacity  below,  as  com- 

I  pared  with  the  discharge,  so  that  the  velocity  here  will  be  small 

The  following  are  the  experimental  values  of  c: 


d' 

c. 

d" 
d' 

c. 

1      ^ 
d' 

r. 

d' 

O.OI 

3^330 

0.25 

3-^9 

'     0-5S 

3-100 

0.85 

3^0 

^05 

3-360  j 

00 

3-^14 

.60 

3.092 

.go 

3.190 

.o3 

3-372   1 

^35 

3,182 

-65 

3.0^9 

'95 

3^a47 

.10 

3^365    ] 

.40 

3^155 

■70 

3.093 

l.OQ 

3.360 

-IS 

3,327   ' 

*45 

3^131 

*7S 

3.I02 

.20 

3,2S6 

.50 

3-I13 

.80 

3-12^ 

I 


If  d' 

This  table  is  inapplicable  to  values  of  ^  less  than  0.0H,  un- 
less the  air  has  free  access  to  the  space  underneath  the  sheet* 

The  method  of  measuring  discharge  by  means  of  sub- 
merged weirs  is  adapted  to  channels  havin^^  very  small  slope* 
A  fall  as  low  as  one  half  inch  will  give  reliable  results  if  it  is 
accurately  measured. 

258,  The  Miner's  Inch.^This  is  an  arbitrary  standard 
botli  as  to  method  and  as  to  volume  of  water  discharged.  It 
rests  on  tlie  false  assumption  that  the  volume  discharged  i^ 
proportional  to  the  area  of  the  orifice  under  a  constant  head 
above  the  top  of  the  orifice.     Its  use  grew  out  of  the  necessities 
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ntler  life  in  the  mining  regions  of  the  West,  and  shi 
be  discarded  in  favor  of  absolute  units.  The  miner's  in< 
|uantity  of  water  that  will  flow  through  an  orifice  one  i 
fe»  under  a  head  of  from  four  to  twelve  inches,  accord  in 
graphical  locality.  Even  if  the  head  above  the  top  of 
ftc  be  fixed,  and  a  flow  of  144  miner's  inches  be  rcqui 
Irolume  obtained  woutd  be  3.3,  4.2.  or  4.7  cubic  feet 
jEld,  according  as  there  were  144  holes  each  one  inch  squ 
opening  one  inch  deep  and  144  inches  long,  or  one  opei 
^e  inches  square,  the  tops  of  all  the  openings  being 
fcs  below  the  surface  of  the  water*  This  simply  illustr 
[Unreliable  nature  of  such  a  unit.  In  some  localities 
bing  standard  has  been  adopted :  An  aperture  tw 
lbs  high  by  twelve  and  three-quarter  inches  wide  thro 
bne-  and  one-half-inch  plank,  with  top  of  opening  six  im 
w  the  water-surface^  is  said  to  discharge  two  hunc 
;r's  inches.     By  this  standard  the  miner's  inch  is  1.5  c 

per  minute,  or  2160  cubic  feet  in  twenty-four  he 
It  standards  vary  from  1*39  to  1.78  cubic  feet  per  mini 

n  the  miner's  inch  can  only  be  defined  as  a  certain  r 
Df  cubic  feet  per  minute,  it  is  evidently  no  longer  ol 
and  should  be  abandoned.  The  method  by  weirs  is  i 
rate,  and  could  almost  always  be  substituted  for 
lod  by  orifices. 
1%  The  Flow  of  Water  in  Open  Channels.— For  ; 

n  centur>'  hydraulic  engineers  have  labored  to  find  a 
ion  betw^ecn  the  slope  and  cross- section  of  a  running  st 

the  resulting  mean  velocity.  If  such  a  relation  cou 
id,  then  the  discluirge  of  any  stream  could  be  obtain 
nimum  cost.  It  is  now  known  that  there  is  no  such 
:ion.  There  ccrt;nnly  is  a  relation  between  the  bc« 
im  for  a  considerable  distance  above  and  below  the  sc 


^  BowiVs  *'  H  jdrauUc  Mining,"  p-  126  Qohn  WUey  &  ^'»»-  « 
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the  surface  slope,  and  the  resulting  velocity  at  the  section 
but  as  no  two  streams  have  similar  beds,  nor  the  same  streainj 

in  different  portions  of  its  length,  and  since  the  bed  character* 
istics are  difficult  to  determine,  and,  furthermore,  are  constantly 
changing  in  channels  in  earth,  the  function  of  bed  cannot  be 
incorporated  into  a  formula  to  any  advantage  except  for  dian- 
nels  of  strictly  uniform  and  constant  bed,  in  which  case  the 
cross-section  would  sufficiently  indicate  the  bed.  Again,  the 
slope  cannot  be  profitably  introduced  into  a  velocity  formula 
except  where  it  is  uniform  for  a  considerable  distance  above 
and  below  the  section,  for  the  inertia  of  the  water  tends  to 
produce  uniform  motion  under  varying  slopes,  and  the  effect 
is  that  the  velocity  at  no  point  corresponds  strictly  to  the 
slope  across  that  section.  For  uniform  bed  and  slope,  how- 
ever,  formulae  may  be  often  used  to  advantage. 


\ 


I  Since  the  friction  varies  directly  as  the  density  and  as  the 
square  of  the  velocity,  we  have  for  the  frictional  resistance  on 
the  mass  covering  the  area  S^ 


R  =  /pSv\ 


Let  A  =  area  of  cross-section  ; 

If  =  velocity  in  feet  per  second  (=:  /  for  one  second) 
f  =  wetted  perimeter; 

A 

r  =  hydraulic  mean  radius  =  —  ; 

Z 

s  =  surface-slope  =  sin  t  =  -^ ; 

Z  "  fall  per  length  /; 

Q  =  quantity  discharged  in  one  second  ; 

S  ^  wetted  surface  in  length  /  =  //; 

/  ^  coefficient  of  friction  per  unit  area  of  S; 

Q  —  weight  of  one  cubic  foot  of  water  =  density* 
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Spent  in  overcoming  this  resistance  in  one  sec- 


IS 


%m 


K=Rv=  /pSv\ 


(2) 


fflocity  is  constant,  which  it  is  assumed  to  be  then 
the  measure  of  the  work  gravity  does  on  this  mass 
illing  it  through  the  height  h'  —  k"  =  Z,  which 

=  weight  X  fall  =  ZfiQ  =  ZpvA ; .    .    .    (3) 
.'.  ZpvA  =  fpSv' (4) 


z=f.. 


//; 


/ 


«  r; 


and 


=  sin  t  1^  s\ 


(s) 


.•,s  = 


f^ 


or 


V  =^  c  \G^, 


(6) 


,n  empirical  coefficient  to  be  determined*  It  is  evi- 
ls mostly  a  function  of  the  character  of  the  bed, 
can,  therefore,  have  no  fixed  value  for  all  cases. 
n  (6)  is  v^'hat  is  known  as  the  Chezy  formula.  The 
sful  attempt  yet  made  to  give  to  the  coefficient  c 
able  to  all  cases  of  constant  flow  is  that  of  Kut- 
er's  formula,  when  reduced  to  English  foot*units,  is 

fydraiitic  Tables,  translated  from  tlie  German  by  Jack&oti,  and 
jon,  Londcsn,  1876.  A  revised  and  enlarged  edition  has  now  US90) 
Rudolph  llering  and  J.  C.  Trautwine,  Jr.*  and  publbhed  by  Joha 

few  York. 


342 


SUMVEYING. 


^cVrs  = 


^    ,    I.8II        0,00281 

4T,6  +  —  +  -- — — 


1  + 


/      ,  ,  0.0028A  n 


Vrs, 


% 


rhe  total  coefEcient  of  the  radical,  in  brackets,  being  the  cval 
uation   of  c  in  equation  (6).     Here  i',  r,  and  s  are  the  smt  ] 
as  before,  and  n  is  a  "  natural   coefficient  '*  dependent  on  tkj 
nature  of  the  soil,  character  of   bed.  banks,  etc.     Although 
was  the  author's  Intention  to  make  a  formula  that  would 
applicable  even  to  natural   channels,  it  cannot  safely  be  ap^j 
plied  to  such  unless  they  have  great  uniformity  of  bed  audi 
slope. 

The  following  values  of  n  are  given  by  Kutter: 


Planed  plank. 

n  =  o.ooS. 

Pure  cement, 

n  =    ,009. 

Sand  and  cement. 

H  =      -01 0  to  .Oil, 

Brickwork  and  ashlar^ 

n  =    .012  "  .014. 

Canvas  lining, 

n  =     .015, 

Average  rubble, 

n  =     .01 7< 

Rammed  grave i. 

n  =     .020. 

In  earth — canals  and  ditches. 

n  =    .020  to  .030, 

depending    on    the  rcj 

ularity   of    the   cros 

^^L 

section,  freedom  ffoi 

^^^ 

weeds»  etc. 

In  earth  of  irregular  cross-sec ti on » 

n  =     .o,iO  to  .040. 

For  torrential  streams, 

H  =    .050. 

In  the  last  two  cases  the  results  arc  very  uncertain. 
ter's  tables  are  evaluated  for  /i  =  0.025,  -030?  and  .035. 
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The  greatest  objection  to  the  use  of  this  formula  is  the 
.bor  involved  in  evaluating  the  '*f**  coefficient.  To  facilitate 
ic  use  of  the  formula  this  coefficient  has  been  evaluated  for  a 
ope  of  o.ooi  in  Table*  IX,  This  coefficient  changes  so 
iowly  with  a  change  in  slope  that  the  error  does  not  exceed 
^  per  cent  if  the  table  be  used  for  all  slopes  from  one  in  ten 
t>  one  In  5280.  which  is  a  foot  in  a  mile.  These  tabular  co^ 
ifficients  may  therefore  be  used  in  all  cases  of  ditches,  pipe- 
ne??,  sewers,  etc-  The  coefficients  are  seen  to  cliange  rapidly 
r  different  values  of  n,  so  this  value  must  be  chosen  with 
fare. 

Far  brick  canduiis^  such  as  are  used  for  water-supply  and 
[ir  sewers,  the  formula 

as  found  to  represent  the  experiments  on  the  Boston  con- 
duit, shown  in  Figs.  78  and  79,  This  would  correspond  to  a 
variable  value  of  n  in  Kutter's  formula^  being  nearly  0.012 
.ovsever,  as  given  for  bricLwork.  This  conduit  is  brick-lined, 
^ablc  X*  gives  maximum  discharges  of  such  conduits 
ts  computed  by  Kutter's  formula,  n  beinc^  taken  as  0.0 1 3, 
The  results  in  heavy  type  include  the  working  part  of  the 
■able  for  sewers.  All  values  above  the  heavy4aced  type  cor- 
respond to  velocities  less  than  three  feet  per  second  when  the 
lepth  of  water  is  one  eighth  of  the  diameter»  or  when  the  flow  is 
►nc  fiftieth  the  maximum.  This  is  as  small  a  velocity  as  is  con- 
sistent with  a  self-cleansing  flow  in  sewers.  All  values  below  the 
leavy-faced  type  correspond  to  velocities  more  than  fifteen  feet 
3er  second  when  the  conduit  runs  full,  and  this  is  as  great  a  ve- 
ocity  as  is  consistent  with  safety  to  the  structure-  If  the  velocity 
isgieater  than  this,  the  conduit  should  be  lined  with  stone. 


*  Taken  from  3  paper  by  Robt,  Moore  and  Julius  Baicr  m  Journal  tff  ikt  Assg- 
mtitn  fff  Engi9UtriHg  SmfHts^  vol  v,.  p,  349*     This  uble  may  ab<j  be  used  fof 
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The  maximum  flow  does  not  occur  when  the  conduit  nift 
full,  but  when  the  depth  is  about  93  per  cent  of  the  diamet^ 
A  conduit  or  pipe  will  therefore  not  run  full  except  und 
considerable  pressure  or  head.     The  maximum  velocity  occu 
when  the  depth  is  about  81  per  cent  of  the  diameter. 

The  relative  mean  velocities  and  discharges  of  a  circuit 
conduit  for  varying  depths  is  shown  by  the  following  table: 


Depth  of 
Water. 

Relative 
VclocJly. 

Relative 
Diftcharse. 

Depth  of 
Water. 

Relative 
Velocity. 

RelatiT« 
DivebatKC. 

*l 

,28 

.016 

^7 

.9S 

.776 

.2 

48 

.073 

■75 

m 

Aso 

n 

57 

.118 

,8 

m 

91* 

.3 

64 

.168 

.81 

l.QO 

m 

<4 

76 

,303       ! 

'9 

.g& 

■m 

'S 

86 

^450 

^93 

.96 

r.ooo 

.6 

93 

.620 

1. 00 

,86 

.qtb 

260,  Cross-sections  of  Least  Resistance. — From  cqui 

tion  (6)  of  the  preceding  article  it  is  apparent  that  for  a  givi 

channel  the  velocity  varies  as  the  square-root  of  the  hydraui 

A 
mean  radius,  r.     But  r  =  -r-,  hence  for  a  given  area  of  en 

section  the  velocity  is  greater  as  the  wetted  perimeter  is  le 
The  form  of  cross-section  having  a  minimum  perimeter  for] 
given  area  is  the  circular,  or  for  an  open  channel  the  semicirc 

lar     In  both  cases  the  hydraulic  mean  radius  is  r  ^  ^— =.  ^ 

vL^here  R  is  the  radius  of  the  circle.     Since  it  is  not  always  co 
venient  to  make  the  cross  section  circular  in  the  case  of  ditche 
and  canals*  it  is  evident  tiiat   the   more  nearly  a  polygofial 
cross-section  coincides  with  the  circular  form  the  less  wiil  bt\ 
the  resistance  to  flow.     When  a  maximum  flow  is  desired  fot 


a  ^ven  slope  and  cross  section,  therefore^  the  shape  should 
conform  as  nearly  as  possible  to  that  of  a  semicircle.  To  do 
thiSp  construct  a  semicircle  to  scale  of  the  required  area  of 
cross-section.  Draw  tangents  for  the 
sides  of  the  section  having  the  de* 
sired  slope  and  join  these  by  another 
tangent  line  at  bottom,  as  in  Fig, 
87,  This  gives  a  little  larger  section- 
al area,  but  some  allowance  should 
be  made  for  accumulations  in  the 
channel  If  the  slope  is  very  great  and  it  is  desirable  to  re- 
duce the  velocity  of  flow,  it  may  be  done  by  making  the 
channel  wide  and  shallow, 

261.  Sediment-observations. — It  is  often  necessary  in  sur- 
veys of  sedtment-bearing  streams  to  determine  the  amount  of 
silt  carried  by  the  water  in  suspension.  The  work  consists  of 
three  operations,  namely  ■.  (i)  obtaining  the  samples  of  water; 
(2)  weighing  or  measuring  out  a  specific  portion  of  each,  mix* 
ing  these  in  sample  jars  according  to  some  system,  and  setting 
away  to  settle ;  (3)  siphoning  off  the  clear  water,  filtering,  and 
weighing  the  sediment.  Sometimes  a  fourth  operation  Is  re- 
quired, which  is  to  examine  the  sediment  by  a  microscope  on 
a  graduated  glass  plate,  and  estimate  the  percentages  of  dii?er- 
ent-sized  grains.  The  sedimentary  matter  carried  in  suspen- 
sion may  be  divided  into  two  genera!  classes, — that  in  continu- 
ous suspension,  and  that  in  discontinuous  suspension.  The 
former  is  composed  of  very  fine  particles  of  clay  and  mud 
whose  specific  gravity  is  about  unity,  so  that  any  slight  dis- 
turbance of  the  water  will  prevent  its  deposition*  This  once 
taken  up  by  a  running  stream  is  carried  to  its  mouth  or  raught 
in  stagnant  places  by  the  way-  The  matter  in  discontinuous 
5U!»pens{on  consists  of  sand,  more  or  less  fine  according  to  the 
velocity  and  agitation  of  the  current.  This  matter  is  con- 
stantly falling  towards  the  bottom  and  is  only  prevented  by  the 
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nolent  motions  of  the  medium  in  which  they  are  suspended 
These  particles  are  constantly  being  picked  ttp  where  the  vc 
liocity  is  greater,  and  dropped  again  where  the  velocity  is  Iosl 
I A  natural  channel  will  therefore  carry  about  the  same  per 
centage  of  fine  or  continuous  matter  between 
I'  two  consecutive  tributaries,  but  of  the  coarser 

material  there  will  be  no  uniformity  whatever  in 
successive  sections  in  this  same  stretch  of  river 
In  natural  channels  there  are  always  alternate 
engorged  and  enlarged  sections  for  any  particu- 
lar stage  of  river,  and  the  positions  of  these  en- 
gorgements and  enlargements  are  different  for 
different  stages.  In  fact^  the  engorged  section^ 
at  high  water  are  usually  the  enlarged  section^ 
at  low  water,  and  %me  versa.  If  the  bed  is  fria- 
ble the  engorged  section  is  always  enlarging,  artfl 
the  enlarged  section  is  constantly  filling  as  a 
result  of  the  discontinuous  movement  of  sedi- 
mentary  matter.  The  cause  of  these  relative 
changes  of  position  of  engorged  and  enlarged 
sections  is  the  great  variation  in  width** 

It  is  the  discontinuous  sediment  which  is  of 
principal  significance  to  the  engineer,  for  this 
is  the  material  from  which  sand-bars  are  formed 
which  obstruct  navigation,  and  it  is  also  the  ma- 
terial from  which  he  builds  his  great  contraction 
works  behind  his  permeable  dikes.  The  water 
being  partially  checked  behind  these  dikes  at  once  drops  the 
heavier  sediment>  and  so  artificial  banks  are  rapidly  formed. 
The  continuous  sediment  is  of  little  consequence  to  the  engi- 
neer. 


Fig.  is. 


i 


*  S«  paper  by  the  author  entitled  "'  Three  Problems  in  River  Physks,"  be- 
fore the  Americari  Association  for  the  Advancement  of  Science*   Philadclphk 
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,  Collecting:  the  Specimens  of  Water.— It  is  neces- 

sar>'  to  take  samples  of  water  from  various  parts  of  the  cross- 
section  in  order  to  obtain  a  fair  average.     Surface  and  bottom 
specimens  should  always  be  taken,  and  if  great  exactness  is 
required  specimens  should  also  be  taken  at  mid-depth.     One 
of  each  of  these  should  be  taken  at  two  or  three  points  on  the 
cross-section.    A  full  set  of  specimens   is   collected   once  or 
twice  a  day.     A  special    apparatus  is  required    for  obtaining 
samples  from  points  beneath  the  surface.     The  requirements 
of   such  an  apparatus  are   very  well  satisfied   by  the   device 
shown   in  Fig.  8S,  which   the  author  designed  and  used  very 
successfully  in  a  hydrographic  survey  of  the  Mississippi  River 
at    Helena,  Ark.,  in  1879.*     Cis  a  galvanized  iron  or  copper 
cup ;  /an  iron  bar  one  inch  square;  L  a  mass  of  lead  moulded 
on    the  bar  at   bottom ;    B  the  bottom  cup  for  bringing  to 
the  surface  a  specimen  of  the  bottom,  /  being  a  leather  cover; 
fFthe  springing  wire  by  which  the  \\ds  a  a  are  released  and 
drawn  together  by  the  rubber  bands  b  b  when  the  apparatus 
strikes  the  bottom^  or  when  this  wire  is  pulled  by  an  auxil- 
iary cord  from  above;  dd  adjustable  hinges  allowing  a  tight 
joint  on  the  rubber  packing-disks  c  c  when  the  lids  are  closed. 
In  descending,  the  lids  are  open  and  the  water  in  the  can  C  is 
alway*i  a  fair  sample  of  the  water  surrounding  the  apparatus* 
When  the  lids  are  closed   the  sample  in  brought  securely  to 
the  surface.     The  can  when  closed  should  be  practically  water- 
light;  if  it  leaks  at  bottom  some  of  the  heavier  sediment  is 
likely  to  escape,  for  it  settles  very  quickly.     The  bottom  speci- 
men should  be  taken  about  a  foot  above  the  bottom  to  avoid 
g^Wmg  an  undue  portion  of  sand  whi^h  is  at  once  stirred  up 
by  the  apparatus  striking  the  bottom. 

263,  Measuring  out  the  Samples,— A  given  portion  of  each 
specimen  by  measure  or  by  weight  is  selected  for  deposition* 
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Jreat  care  must  be  exercised  in  obtaining;  the  sample  volume. 
It  cannot  be  poured  off,  even  after  violent  shaking,  for  the 
heavy  sand  falls  rapidly  to  the  bottom,  A  good  way  is  to 
draw  it  from  the  vessel  by  an  aperture  in  its  side  while  the 
water  is  stirred  within ;  greater  accuracy  can  be  attained  by 
weighing  the  sample  of  water  than  by  measuring  it.  All  the 
samples  of  a  given  kind  are  then  put  together  in  one  jar,  which 
is  properly  labelled,  and  set  away  to  settle.  Thus,  a)J  the  sur- 
face sa-mples  are  put  into  one  jar,  the  mid-depth  samples  in 

,  another.     The  Mississippi  and   the  Missouri  River  water  re- 
juires  about  ten  days'  settling  to  become  clear, 

264,  Siphoning  ofr.  Filtering,  and  Weighing  the  Sedi- 
ment.—When  the  water  has  become  quite  clear  it  is  carefully 
siphoned  off»  and  the  residue  is  filtered  through  fine  filter  paper 
(MunktelTs  is  best).  Two  papers  are  cut  and  made  of  exactly 
the  same  weight.  One  is  used  for  filtering  and  the  duplicate 
laid  aside.  The  filter-paper  containing  the  sediment  and  also 
its  duplicate  are  then  dried  in  an  oven  at  a  temperature  not 
higher  than  iSo"^*  When  quite  dry  the  sediment  paper  is  put 
in  one  pan  of  the  balance,  and  the  duplicate  in  the  other  and 
weights  added  to  balance.  The  sum  of  the  weights  is  tfie 
weight  of  the  sediment.  This  divided  by  the  weight  of  the 
sample  of  water,  usually  expressed  by  a  vulgar  fraction  whose 

inumerator  is  one,  is  the  proportionate  quantity  sought. 


CHAPTER  XL* 
MINING  SURVEYING. 

INTRODUCTORY, 

The  subject  of  mining  surveying  as  treated  in  this  chapter 
will  include  the  surveys  necessary  in  obtaining  title  to  the 
mineral  lands  of  the  United  States,  the  surveys  for  the  location 
of  the  surface  improvements  and  boundary  lines,  as  well  as  the 
underground  surveying  necessary  in  making  connections,  lay- 
ing out  work,  determining  the  relation  of  the  underground 
workings  to  the  surface  lines,  points,  etc.,  and  measuring  the 
ore  removed  or  still  in  the  mine.  For  definitions  of  mining 
terms,  see  p.  399. 
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SURVEYING  MINING  CLAIMS, 

265.  Title  to  Mining  Claims. — The  public  lands  of  the 
United  States  have  been  divided  into  mineral  and  agricultural 
lands,  the  former  being  subject  to  appropriation  under  the 
statutes  as  lode  claims,  placer  claims,  mill  sites,  and  tunnel 
sites*  The  title  becomes  initiate  by  discovery;  this  is  followed 
by  location  and  record  which  completes  the  possessory  title. 
This  title  can  be  afterward,  except  in  the  case  of  tunnel  sites, 
perfected  by  patent  proceedings  so  that  a  fee  simple  deed  to 
the  claim  is  obtained  from  the  government. 

*Tbi9  chapter  has  been  rewritten  for  the  fifteenth  edition  (19CX?)  by 
Profp  Roberi  S.  Stockton^  E,M*,  of  the  Colorado  St&tc  School  of  Mines, 
and  by  Mr,  Edward  P.  Arthur^  Jr.i  E.M.,  U.  S.  Depot-  Mineral  Surveyor, 
of  Cripple  Creek,  CoK 
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Fundamffifal  Ci^fiditicHs  g^*trning  the  Locaiwn  pf  Mining  1 
Claims. — In  the  case  of  a  /i?de  claim  there  are  five  essentiali  ta 
a  valid  location  ;  (i )  discovery  of  lode  or  vein  ;   (2)  posting  of 
location  notice ;    ( j)  sinking  of  discovery  shaft ;    (4)  marking 
the  boundaries  of  claim  ;  (5)  the  making  and  filing  of  the  loca- 
tion certificate.     Lode  claims  are  limited  by  the  U,  S,  statutes  I 
(R*  S,  2320)  to  1500  ft,  along  the  vein  or  lode  and  to  600  ft  in 
width,  (*e.,  300  ft.  Q[i  each  side  of  vein.     The  end  lines  must  be  1 
parallel,  and  the  side  lines  usually  are.     The  different  States,  j 
and  originally  the  different  districts^  had  the  right  to  limit  the  I 
width,  at    the    same    time   keeping  within    the   congressional 
limits.     In  Colorado  the  width  has  been  reduced  to  300  ft^ 
except  in  the  counties  of  Gilpin^  Summit,  Clear  Creek,  and 
Boulder,  where  it  is  only  J50  ft.     North  Dakota  and  South  j 
Dakota  fix  the  width  at  300  ft.,  allowing  the  counties  to  reduct 
this  within  the  congressional  limits.    All  the  other  States  have 
adopted  the  width  of  600  ft,  except  where  limited  by  the  old 
district  rule^. 

In  locating  a  pliuer  clmm,  the  discovery  of  auriferous  gravel 
or  any  of  the  substances  designated  by  law  as  subject  to  placer 
location  is  followed  by  the  posting  of  a  location  notice*  marking 
the  boundaries,  and  making  and  fiUng  the  location  certificate* 
One  person  or  corporation  may  appropriate  20  acres,  or  an 
association  of  at  least  8  persons  may  secure  160  acres,  of  placer 
ground.  The  ground  appropriated  may  conform  to  the  govcfH' 
ment  land  subdivisions  if  on  surveyed  lands,  or  it  may  be  in 
any  shape  bounded  by  straight  lines. 

A  mill  site  may  be  located  on  non-mineral  land  by  posting  ' 
a  location  notice,  marking  the  boundaries,  and  filing  a  location 
certificate.  The  area  of  a  mill  site  Is  limited  by  the  U*  S. 
statutes  to  5  acres,  and  may  be  further  limited  by  district  rule. 
It  may  be  taken  in  any  desired  form  bounded  by  straight  lines. 
A  very  convenient  size  is  726  ft-  by  300  ft* 
,  A  iunnel-sitf  location  appropriates  the  right  of  way  for  » 
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ncl  3000  ft,  long,  and  may  in  addition  appropriate  ground 
for  a  dump  up  to  an  area  250  ft,  square*  The  location  is 
accomplished  by  posting  a  notice,  marking  the  line  of  tunnel 
and  the  corners  of  the  dump  area  by  stakes  properly  inscribed, 
and  filing  the  location  certificate,  which  must  in  this  case  be 
acknowledged  before  a  notary  public.  The  tunnel  site  differs 
from  the  other  locations  mentioned  in  that  it  is  not  subject  to 
patent.  The  veins  cut  by  the  tunnel  are  located  as  lode  claims 
and  maybe  patented  as  such,  the  title  dating  back  to  the  loca- 
tion of  the  tunnel  site.  Under  recent  decisions  the  tunnel  site 
practically  withdraws  from  the  public  domain  all  the  lodes 
within  an  area  of  3000  ft*  square  that  were  not  located  prior 
to  the  tunnel  site, 

The  possessoiy  title  to  a  tunnel  site  involves  what  the  law 
calls  continuous  working.  This  has  been  held  to  mean  no 
cessation  of  work  for  more*  than  six  months. 

266»  Location  Surveys, — A  surveyor  is  generally  called 
upon  to  lay  out  the  claim,  mark  the  boundaries,  and  fill  in  the 
location  certificate  ready  for  the  owner  to  file  with  the  county 
or  district  recorder.     The   law,  however,  allows  the  location 
«   survey  to  be  made  by  the  miner  himself  without  an  instrument, 
I    Le,,  the  boundaries  may  be  laid  down  ver>'  roughly,  if  with 
^   honest  intent,  and  hold   in  Iaw%  but   locators  have  found  it 
"   profitable  to  have  the  claims  surveyed  to  avoid  the  losses  result- 
ing from  gross  blunders  so  often  made  when  unskilled  persons 
have  attempted  to  lay  out  the  claim.     The  survey  should  be 
made  with  sufficient  care  so  that  when  the  ground  is  surveyed 
for  patent  the  corners  will  be  identical  with,  or  come  within, 
the  location  corners  and  also  fulfil  other  necessary  conditions, 
as  will  be  shown  under  the  discussion  of  patent  work* 

This  class  of  surveying  will  be  discussed  under  four  heads^ 
viz.:  lode  claims,  placer  claims,  mill  sites,  and  tunnel  sites, 

267*  Surveying  Lode  Claims*— The  simplest  farm  of  a 
lode  claim  resulting  from  the  conditions  laid  down  in  Art*  265 
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■  is  a  rectangle  300  X  1 500  ft.     The  two  things  which  should 

~  govern  the  exact  direction  of  the  lines  are  the  direction  of  the 

vein  and  the  position  of  the  discovery*     The  usual  method  is 

,      to  set  up  the  instrument  at  or  near  the  point  of  discovery, 

B  The  direction  of  the  vein  is  determined  by  the  outcrop  or  any 

^  other  available  data,  but  the  vein  line  is  often  run  so  as  to  take 

in  any  vacant  ground.     The  line  is  then  run  out,  its  bearing 

being  taken  from  the  true  or  magnetic  meridian.    The  distances 

are  measured  with  a  steel  tape  either  horizontally  or  by  taking 

kthe  slope  distance  and  slope  angle  and  reducing  to  the  hori- 
zontal, this  work  being  done  with  about  the  same  accuracy  as 
is  used  in  ordinary''  land  surveying.  The  lode  or  vein  line  is 
run  both  ways  from  the  discovery,  the  only  condition  being 
that  the  total  distance  is  not  more  than  1500  ft,  From  the 
ends  of  the  lode  line,  in  this  case  the  centre  line,  and  at  right 
angles  to  it^  and  distant  150  ft,,  ai-e  set  the  corner  stakes. 
From  the  centre  of  the  claim  the  side  centre  stakes  are  also 
set.    In  Fig,  89  is  shown  a  diagram  of  the  claim  and  also  the 

H  markings  on  the  corner  stakes.     The  dotted  lines  show  those 

H  actually  run  on  the  ground.     The  corner  stakes  should  be  3  or 

4  in.  square,  and  3I  ft,  long,  set  in  the  ground  or  in  a  moufid 

•  of  stone.  They  should  also  be  blazed  and  marked  on  a  side 
toward  the  claim  with  the  number  of  the  corner  and  the  name 
of  the  claim. 

One  or  more  of  the  corners  should  be  tied  in  by  bearing 
and  distance  to  some  permanent  objects,  as  a  government 
lurvey  corner,  or  the  corners  of  an  official  survey  of  some 
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\^tt  mining  claim,  or^  failing  these,  to  bearmg  trees  and  rocks. 
'^  practice  is  in  vogue  of  connecting  claims  to  mountain  peaks 
3^  bearing  only,  but  it  is  not  to  be  recommended  except  as  a 
t  resort.  It  may  be  very  often  advisable  to  mention  in  the 
^^scription  of  the  claim  the  name  of  the  mountain  on  which  it 
*i«s,  or  the  names  of  adjacent  roads,  streams,  etc.,  as  a  help  to 
*^entifi  cation. 

Another  simple  form  of  a  lode  claim  is  where  the  end  lines 
Te  not  perpendicular  to  the  lode  line  and  side  lines,  the  result- 
*ng  figure  being  a  parallelogram  as  shown  in  Fig.  89^1,     This 
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ondition  generally  results  from  the  claim  abutting  on  a  fixed 
ine. 

The  surveying  is  just  the  same  as  in  the  first  case  except 
ifcliat  the  distance  measured  from  the  lode  to  the  side  lines  along 
tlie  end  lines,  or  a  hne  parallel  to  them  at  the  middle  point,  is 
reater  than  150  ft.  and  is  found  by  dividing  150  by  sin  a^ 
'*^here  a  is  the  angle  between  the  end  line  and  lode  Hne  as 
^liown  in  the  figure. 


Fig,  Iq^. 


If  the  vein  bends,  the  lode  line  is  made  to  follow  it,  thus 
forming  a  crooked  claim.  Two  forms  are  shown  in  Figs.  89^ 
and  8^. 
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In  Fig.  ^gb  let  p  represent  the  angle  between  thelwodii 
tions  of  the  lode  tine,  then  the  line  from  Cor,  No*  jtoConSfll 
6  will  bisect  this  angle  if  the  side  lines  are  parallel  and  atcquJ^ 
distances  in  both  parts  of  the  claim.     The  distance  fmm 
discovery  to  Cors.  Nos.  3  and  6  will  be  150  div^ided  by  siE 
If  the  end  lines  are  not  fixed  as  to  direction  by  some  oii 
condition  they  may  be  made  parallel  to  line  ^-6^  and  1 


pic.  %^. 


the  geometric  conditions  laid  down  be  exactly  equal  to 
The  lode  line  is  run  and  corners  set  as  before  except  that  il 
side  centres  may  be  omitted  if  the  bend  is  near  the  centre 
the  claim. 

In  Fig*  Sgr  let  fi  represent  the  angle  between  the  two 
of  the  lode  line,  then  the  line  from  Cor.  No.  3  to  Cor,  N' 
will  bisect  the  angle  ft  as  in  Fig,  89^,     Now  if  one  end  line, 
line  4~S,  is  to  be  perpendicular  to  the  lode  line,  it  mil  be 
ft.  long  and  not  parallel  to  the  line  between  3  and  6,  vvhik  !l 
1-2  is  parallel  to  4-5,  but  has  a  length  of  300  divided  by  tof 
The  changes  in  the  surveying  will  be  made  sufTicicnlly  cli 
by  a  glance  at  the  figure. 

The   Locatfofi    Certificait*   is   general!)^    matlc    out    by 
surveyor,  printed  forms  being  used  with  blanks  for  the  namCT 
of  the  Iode»  the  name  of  the  locator,  the  date  of  the  \oa 
the  number  of  feet  claimed  on  each  side  of  the  discoven* 
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neral  description  giving  the  leng^th  and  the  bearing  of  the 
idary  lines  and  of  the  tie  lint^ 

rAe  iacation  survey  for  a  piater  titiim  ar  a  milLsite  does  not 
r  from  an  ordinary  land  survey  to  establish  boundaries* 
corners  are  like  those  of  lode  claims  and  are  marked  witli 
name  of  the  placer  or  mill-sitc  and  the  number  of  the 
er  on  the  side  toward  the  claim.  The  tie  lines  are  also 
same  as  in  the  lode  claims.  The  location  also  covers  about 
same  points  and  is  made  out  in  a  manner  very  similar  to 
ode  certificates* 

U  a  tunnel  site  is  not  subject  to  patent^  but  is  held  by 
essory  title  only,  the  survey  is  properly  a  little  more 
rate  than  the  location  surveys.  The  true  meridian  should 
letermined  as  in  patent  work.  The  survey  consists  in 
ing  out  the  line  of  the  tunnel,  placing  stakes  close  enough 
ther  so  that  one  can  be  seen  from  the  other  and  not 
ler  than  300  or  400  ft,  apart  as  a  maximum  distance*  The 
ner  of  setting  stakes  varies  with  the  different  surveyors, 
Lhe  above  method  seems  to  be  the  best  practice*  These 
5S  are  marked  by  the  number  and  the  name  of  the  tunnel 
The  dump  area  is  also  marked  by  a  stake  at  each  corner* 
location  certificate  is  rather  an  uncertain  document, 
ral  forms  being  used.  A  very  good  form  is  given  in 
rison's  Miiting  Rights, 

68.  Patent  Surveying. — In  order  to  complete  the  title  to 
mining  claim  by  obtaining  a  U.  S.  patent,  it  is  necessar>^ 
lave  the  boundaries  carefully  surveyed  and  substantial 
uments  set.  The  monuments  are  connected  with  some 
nanent  object  in  order  to  fix  the  position  of  the  claim, 
i  work  is  known  as  patent  surtuymg and  can  only  be  under- 
n  by  a  U*  S*  Deputy  Mineral  Surveyor  holding  a  com- 
lion  from  the  government.  This  commission  may  be 
mtd  by  passing  an    examination   under    the  Surveyor- 


3S6 


SU/^rEYliVG. 


General  of  the  State  in  which  it  is  desired  to  practise,  and  ! 
fih'ng  a  bond  for  $io,000. 

Patent  work  follows  the  same  general  plan  as  locatl 
surveying  in  the  running  of  the  boundaries  and  setting  U 
corners,  but  is  done  with  much  more  accuracy*  In  paten] 
work  all  conflicting  prior  official  surveys  are  connected  wi( 
the  claim  under  survey,  and  improvements  of  all  kinds  ai 
located*  The  following  list  of  apparatus,  while  not  absolute 
necessary  for  this  work,  has  been  found  by  those  familiar  \vil 
the  best  practice  to  be  most  convenient*  It  consists  of:  (i) 
light  mountain  transit,  mounted  on  an  adjustable  tripod,  andi 
adjustable  plumb-bob*  The  plates  and  vertical  arc  or  circle 
the  transit  are  4^  to  5^  inches  in  diameter  and  read  to  minute 
(2)  A  steel  tape,  preferably  50O  ft.  long,  usually  gradiiati 
every  5  or  10  ft.  (3)  A  short  ribbon  tape  graduated 
hundredths  of  a  foot,  together  with  a  note-book,  field-book- 
tables,  axe,  nails,  chisel,  and  timber-scribe.  Some  surveyc 
carry  a  rod  and  also  some  red  cloth  for  marking  stalioi 
A  good  pick  and  shovel  are  necessary  for  setting  corners. 

Insirumentul  Work.  — In  this  kind  of  surveying  the  compa 
needle  is  never  used  except  as  a  rough  check,  all  angles  beii 
read  on  the  plate  circle  by  means  of  the  verniers.  There  i 
two  general  methods  in  vogue  in  the  mining  districts 
carrying  the  meridian  from  one  station  to  another.  Th 
will  be  designated  as  the  Azimuth  and  the  Angle  methi 
The  better  method  is  by  as^imuths,  as  described  in  this  boo 
or  its  modification,  where  the  bearings  are  carried  on 
horizontal  limb  in  the  same  way  as  the  azimuths.  It  is 
for  beginners  to  check  the  readings  of  all  important  sights 
least.  If  the  instrument  has  been  oriented  and  a  sight  taken  an? 
recorded,  this  can  be  checked  by  setting  on  the  back  azimuth 
reading,  and  sighting  to  see  if  the  cross-wires  are  on  the  point; 
then  loosen  the  alidade  and  set  on  the  recorded  forward  reading, 
and  again  sight  to  see  if  the  forward  point  is  caught ;  if  so, 


Mmmo  suRVEvmo^ 


3S7 


recorded  reading  is  correct.  In  the  angle  method  the 
vernier  is  always  set  on  zero  for  the  backsight  and  the  angle 
read  to  right  or  left,  as  the  case  may  be,  to  the  forward  point, 
A  nice  check  may  then  be  made  by  loosening  the  lower  motion 
and  turning  on  to  the  back  station,  then  loosening  the  alidade 
and  turning  again  on  to  the  forward  point.  The  angle  now 
read  should  be  just  twice  the  original  one  for  a  check.  This 
method  IS  much  in  use  by  old  railroad  men»  and  although  it 
has  a  good  number  of  followers  it  cannot  be  recommended. 
Care  should  be  taken  in  reading  the  vertical  angles,  as  it  seems 
easier  to  make  a  mistake  in  reading  these  than  in  reading  the 
horizontal  angles.  With  a  complete  vertical  circle  the  best 
check  is  to  reverse  the  telescope  and  turn  on  the  point  and 
read  again*  With  a  vertical  arc  a  good  check  may  be  had  by 
resetting  the  recorded  angle  on  the  arc  and  then  sighting  to 
sec  if  the  horizontal  wire  cuts  the  point  whose  angle  is  being 
checked. 

Too  short  a  backsight  is  to  be  avoided.  It  is  often  pos- 
sible before  leaving  a  station  to  obtain  a  distant  foresight  or 
backsight^  and  this  should  be  done  when  practicable. 

Stations  and  Al ft  hods  of  Measuring.— St^X\ot\^  are  generally 
stakes  driven  into  the  ground,  the  height  above  the  surface 
being  determined  by  the  nature  of  the  country;  the  exact 
stalion-point  is  marked  by  the  head  of  an  eightpenny  or  a  ten- 
penny  wire  finishing-nail,  driven  about  half  %vay  into  the  stake. 

Stations  may  be  taken  on  fallen  logs  or  tree-stumps  by 
putting  in  a  nail  as  before^  In  winter  wxather^  if  a  clear  sight 
can  be  obtained,  a  forty-penny  spike  driven  directly  into  the 
frozen  ground  will  make  a  good  station.  It  is  usually  a  good 
plan  to  put  a  piece  of  white  paper  on  the  station  nail  in  order 
that  it  may  be  more  easily  seen. 

In  measuring,  pins  are  not  used,  nor  is  there  any  special 
effort  made  to  have  the  tape  horizontal,  the  measurement 
being  taken  from  the  horizontal  axis  of  the  instrument  directly 
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to  the  nail-head,  and  the  vertical  angle  read  to  the  same  poini^. 
thus  enabling  the  horizontal  distance  to  be  calculated. 

The  readings  are  made  to  hundredths  of  a  foot.  Some 
surveyors  measure  back  and  forward  from  each  station  asi 
Gheck%  but  this  is  hardly  necessary  with  careful  work. 

The  distance  between  stations  is  limited  by  the  contour  o( 
the  country  and  the  length  of  the  tape.  With  a  tape  of  the 
ordinary  length  the  distance  between  stations  would  be  Icsa 
than  500  ft 

In  making  a  measurement  care  should  be  taken  that  the 
tape  is  straight  and  subjected  to  a  pull  depending  on  the  dis- 
tance that  the  tape  is  unsupported*  Then  get  the  point  on 
the  tape  opposite  the  axis  of  the  instrument,  and  with  the 
small  tape  measure  along  from  this  point  toward  the  zero  end 
of  the  long  tape  to  the  nearest  graduation.  This  will  give  tk 
number  of  feet  and  fractions  to  be  added  to  the  reading  at  tk 
graduation  mark,  and  the  sum  is  recorded  as  the  slope 
distance, 

Fit'id-zvork  and  Adji4stmcnt  of  Claim. — The  field-work  is 
generally  accomplished  with  the  aid  of  one  assistant,  who  car* 
ries  the  forward  end  of  the  tape,  puts  in  stations,  clears  oul 
the  lines,  assists  in  setting  corners,  etc.  In  a  heavily  timbered 
country  an  extra  axeman  is  of  advantage.  The  field-work  con- 
sists in  the  determination  of  the  true  meridian  by  astronomical 
observation,  as  explained  in  Chapter  XI V^  finding  the  position 
of  the  corners  of  the  location  survey,  the  discovery  shaft,  and 
all  improvements  on  the  claim,  whether  made  by  the  claimant 
or  not.  The  corners  of  conflicting  prior  official  surveys  must 
be  located,  and  a  tie  made  to  a  corner  of  the  Government  laiid 
survey,  if  one  exists  within  two  miles,  or^  if  such  does  not  exist, 
the  tie  is  taken  to  a  U.  S,  L.  monument  as  described  in  the 
Mmmal  of  Instructions  for  the  Survey  af  the  Mineral  Lands  of 
ihi  fZ  S.  prepared  by  the  Commissioner  of  the  General  Land 
Office.     This  work  will  be  alluded  to  hereafter  as  the  Manual 
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\^f  htsirucfwfts*  It  is  reprinted  in  full  in  Appendix  B  and  must 
fbe  studied  in  connection  with  all  that  is  written  here  in  regard 
jto  patent  work, 

t  Before  the  deputy  can  have  official  authority  to  survey  the 
[claim  the  applicant  must  send  his  application  for  an  order  for 
the  survey,  accompanied  by  a  certified  copy  of  the  'Mocation 
certificate,**  to  the  Surveyor-General,  and  deposit  the  required 
lets  (see  Mmumi  0/ Instrtictiomy  The  Surveyor-General  will 
then  issue  to  the  surveyor  mentioned  an  order  for  survey,  des- 
ignating the  survey  number  to  be  used*  A  copy  of  the  certi- 
fied copy  of  the  location  certificate  is  also  enclosed. 

It  is  wellp  however,  to  tie  up  the  claim  before  the  claimant 
makes  application  for  the  survey  order,  and,  if  the  location  does 
not  agree  with  the  description  given  in  the  location  certificate, 
to  make  out  and  file  an  amended  certificate  giving  the  correct 
|dacrlption.  This  may  save  some  time  and  a  little  expense, 
jThe  Land  Office  at  the  present  time  is  very  particular  and  will 
allow  but  slight  variation  between  the  field- notes  turned  in  by 
the  deputy  and  the  location  certificate  on  which  the  order  for 
Surv*ey  was  based. 

I  The  next  step,  after  ticing  up  the  claim,  is  to  compute  or 
id  just  the  lines  of  the  final  claim  to  be  used  in  the  application 
[or  the  patent. 

The  conditions  are  imposed  by  the  fundamental  principle 
that  monuments  hold  over  descriptions  and  by  the  law  and 
Land  Office  regulations  on  this  subject.  These  conditions  are 
mmniarized  as  follows ; 

I,  The  final  claim  must  lie  wholly  within  the  location 
ttakes. 

,  2»  The  length  along  the  vein  or  lode  must  not  exceed 
tsoo  ft. 

3-  The  end  lines  must  be  parallel 

4-  The  distance  from  lode  line  to  side  line  must  at  no  point 
jgcceed  half  of  the  statutory  width. 
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5.  The  lode  line  must  pass  through  the  discover)'  shaft 

6.  The  end  Unes  must  be  free,  as  explained  in  the  Alan 
0f  Instrucfians. 

7.  The  bearings  must  be  given  from  the  true  meridian- 
Having  the  hnes  of  the  final  claim  computed  in  accordance ' 

with  the  above,  the  patent  corners  are  set  as  described  in  thcj 
Manual  of  Instructions, 

The  meridian  used  should  never  vary  more  than  2  or] 
minutes  from  the  true  meridian.     If  the  variation  with  som^ 
conflicting  survey  is  more  than  this,  these  surveys  must 
reported  as  disagreeing,  as  provided  in  the  Manual  <?/"  Imtfi 
tions. 

It  is  now  the  common  practice  of  deputies  to  find  the  tnc 
rid  [an  by  direct  solar  observation,  as  explained  in  Art,  JOJiiJ 
although  some  still  use  one  of  the  various  solar  attachments. 

Below  is  given  an  actual  example  of  the  notes,  etc.,  of  the 
Jewel  lode  in  the  Cripple  Creek  Mining  District  in  Colorada 
This  was  selected  as  a  typical  example  from  a  large  number  of 
surveys  with  which  the  writers  have  been   connected  both  iq 
this  and   other  districts.     The  survey  was  made  with  a  ligh 
mountain  transit  and  a  Soo-ft,  tape,  etc.,  as  described. 
field-work  included  the  following  operations :  The  true  mertdiafl 
was  determined  by  direct  observation,  the  image  of  the  sun 
being  thrown  on  a  card  held  behind  the  eyepiece.     Two  syi 
metrical  sets  of  sun  observations  were  taken,  one  before  an 
one  after  noon.     A  traverse  was  run  to  tie  up  the  locatio 
corners  of  the  Jewel  lode,  and  also  the  corners  of  patent  snt 
veys,  Nos.  9689,  SSSs,  9134,  9122,  9190,  8927,  the  improve-'] 
ments,  and  a  corner  of  the  Government  survey.     In  this  case 
the  order  for  survey  had  been  received  by  the  deputy^  10^ 
being  the  survey  number  assigned. 

The  notes  as  actually  taken  in  the  field  are  shown  on  p.  36 1- 
The  first  section  of  the  notes  taken  on  Jan.  20  represeiit  the 
tieing-up  survey,  as  it  is  called.    When  this  was  fimsh.*d,  tlic 
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notes  were  taken  to  the  office,  where  the  slope  distances  wm 

[reduced  to  the  horizontal,  the  sun  observations  calculated, and 

the  true  meridian  determined.     The  corrected  azimuths  were 

inserted  in  column  3  of  the  notes,  and  the  horizontal  distances 

I  in  column  6  as  shown*     The  work  was  also  platted  as  shown 

by  Fig;  90,  the  transit  lines  as  run  in  the  field  being  dotted  and 

the  claim  lines  shown  unbroken.     The  bearing  and  lengths  of 

the  lines  of  the  claim  were  calculated  from  the  data  obtained 

from  the  notes.     It  will  be  seen  by  Fig*  90  that  the  north  end 

of  the  Jewel  lode  was  taken  in  by  Survey  No,  9190,  Ida,  No.i 

lode,  a  patent  claim  of  prior  location*     This  necessitated  the 

j  cutting  back  of  the  Jewel  lode  until  it  had  a  free  end  centre 

[  off  the  Ida  No,  1  lode  (as  shown  in  MtJfiua/  of  Instructwni\^ 

[Calculations  were  made  from  which  to  set  the  patent  corncis 

[to  conform  with  the  above  requirement,     A  traverse  was  cal- 

Iculated  from  Station  i  to  Corner  No.  i. 

The  notes  of  Feb.  6,  p,  361,  show  the  work  of  setting  the 
corners,  Fig,  91.  Cor,  No,  i  was  set  from  Station  I,  and  Cor, 
No,  4  was  set  from  Con  No,  I,  Con  No,  2  was  identical  with 
the  S.E,  corner  of  the  location,  and  Cor.  No,  j  was  set 
from  it* 

The  method  of  measuring  a  given  distance  on  sloping 
ground  is  best  done  in  the  following  way:  Set  a  point  on  line 
w^ithin  a  foot  or  two  of  the  given  distance,  measure  the  vertia! 
angle  and  calculate  the  horizontal  distance.  The  remaining 
small  distance  is  measured  either  backward  or  forward  hori- 
zontally to  the  required  point* 

The  style  and  markings  of  the  corners  are  described  in  the 

Manual  0/ Insfrtictions.     With  a  stone  corner  the  exact  point 

is  marked  by  a  cross  chiselled  into  the  stone.    Post  corners  dfc 

\  preferably  more  than  4  inches  square,  the  exact  point  being 

marked  by  a  nail  driven  in. 

In  making  the  calculations  a  seven-place  table  of  logarithms 
'is  largely  used,  although   a  six-place  table  would  serve,    K 
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averse  tabic  reading  to  minutes,  as  Table  IV  of  this  volume, 
very  convenient.    Some  surveyors  use  calculating-machines. 

The  areas  are  computed  by  dividing  the  figure  into 
iangles  and  quadrilaterals  or  by  double  meridian  distances. 
L  planimeter  is  much  used  for  checking  the  areas. 

All  calculations  should  be  carefully  checked  and  should  be 
lade  in  a  computation-  or  scratch-book  so  that  they  can  be 
ept  for  future  reference. 

After  the  corners  are  set  and  the  field-work  completed  the 
lotes  are  taken  to  the  office  and  worked  up,  i.e.,  a  traverse  is 
l^culated  as  from  Cor.  No.  i  to  the  S.  i  Cor,  of  Sec.  32  and  a 
lie  calculated  from  some  corner  of  the  Jewel  to  a  corner  of 
each  prior  conflicting  official  survey.  The  intersections  were 
calculated  so  that  the  distance  from  a  particular  corner  to  the 
line  intersected  could  be  given  as  well  as  the  distance  from 
the  intersection  to  the  interior  or  nearest  corner  on  the  inter- 
sected line.  Closing  traverses,  including  some  convenient 
lines  of  conflicting  surveys,  were  calculated  in  order  to  see  how 
the  Jewel  checked  with  these  surveys.  Finally  the  areas  are 
computedj  the  notes  written  up,  and  the  preliminary  plat  made 
as  shown  in  the  MuHuai  0/  InstrHCtwns, 

Fig.  90  shows  the  working  plat  It  will  be  seen  that  on  the 
prtliminary  plat  (Fig*  91)  the  claim  is  considerably  shorter 
than  the  original  location.  Several  oflicial  surveys  that  con- 
flicted with  the  location  did  not  do  so  with  the  final  survey.  Of 
the  shafts  tied  up  two  belong  to  the  claim  and  two  were  other 
improvements.  The  more  northerly  shaft  was  left  out  when 
^he  claim  was  cut  back. 

It  will  be  noticed  that  the  Jewel  claim  is  cut  off  at  the  exact 
point  where  the  assumed  lode  of  the  claim  enters  the  Ida  No.  i 
todc,  at  150  ft,  from  each  of  the  north  corners.  The  present 
ind  better  practice  is  to  leave  a  little  free  ground  for  the 
assumed  lode  line  to  pass  through  before  entering  the  claim 
(or  which  it  is  cut  off,  as  in  this  case  the  distance  along  the 
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liorth  end  line  of  the  Jewel  from  its  NAV.  con  to  the  intcn 
tion  of  the  Ida  No.  I  h'ne  would  be  i^\  ft.  instead  of  150ft 

Ljt  now  is. 

mm      The  field-notes  are  written  on  regular  blanks  furnished 

^the  Surveyor- General  and   ituist  follow  the  form  given  in 

"     Manual  ^f  InsirtiCtions.     They  include  a  description  of 
claim  by  bearing  and  distance,  also  the  intersections  and  ar 
and  the  certificate  of  $500  worth  of  improvements,  if  these 
completed  at  the  time.     If  they  are  not,  the  certificate  ma] 

I      filed  at  a  later  date  (see  Mannai  of  hut  ructions,  sec,  46). 

I  present  Land  Office  ruUng  is  that  the  aflfidavits  of  labor 
improvements  filed  subsequent  to  the  notes  must  show  1 
the  work  was  completed  prior  to  the  expiration  of  the  pe: 
of  publication.  It  also  requires  that  when  two  or  more  I 
tions  are  embraced  in  one  application,  the  value  of.  the  \i 
and  improvements  must  equal  $500  for  each  and  everyji 
tion  embraced.  ■ 

It  is  required  to  give  the  distance  and  bearing  along 
lode  line  on  each  side  of  the  discovery  shaft.  This  last  st 
ment  is  usually  put  in  the  notes  just  before  the  statemcn 
areas,  though   not  shown  in  the  specimen   field-notes  in 

'^^1  a  una  I  of  histrusiioHS. 

^f  The  preliminary  plat  is  generally  made  on  tracing-clotl 
^a  scale  of  200  ft*  to  I  inch,  and  shows  the  claim  with  its  i 
flicts  and  improvements.     It  must  give  the  bearing  and  ler 

I      of  all  lines  used  in  the  notes.     The  notes  with  the  affidavit 

I  the  deputy  and  his  assistants,  the  copy  of  the  location  cci 
cate  received,  with  the  order  from  the  Surveyor-General, 
any  report  the  deputy  may  have  to  make,  together  with 
preliminary  plat,  are  returned  to  the  Surveyor-Generars  ofl 
wliere  they  are  examined  and  the  work  checked ;  if  fo 
correct,  they  are  approved  and  the  Surveyor-Generals  cgi 
cate  of  approval  attached. 

A  copy  is  then  made  of  the  approved  notes,  attach' 
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which  is  the  Surveyor-Generars  certificate  that  it  is  a  true 
copy  of  the  note^,  and  that  the  proper  amouiU  has  been 
expended  in  labor  and  improvements,  in  case  the  affidavit  has 
been  filed.  The  approved  notes^  together  with  a  nymber  of 
copies  of  the  approved  plats  one  g^reater  thnn  the  number  of 
locations  embraced  in  the  claim,  arc  now  returned  to  the 
deputy  who  made  the  survey.  The  approved  plats  are  much 
the  same  as  the  preliminary  plat  made  by  the  deputy,  except 
that  the  Surveyor-Generars  certificate  of  approval  and  of 
expenditure  is  attached, 

tThis  properly  finishes  the  work  of  the  surveyor,  who  now 
IS  the  notes,  plats,  etc,  over  to  an  attorney.  The  surveyor 
should  keep  a  record  of  ail  official  correspondence  and  of  all 
notes  returned  to  the  Surveyor-Generars  office ;  also  a  copy 
of  all  plats. 

269,  Placer  Claims^ — The  patent  survey  of  a  placer  claim 
is  much  the  same  as  that  of  a  lode  claim  except  that  it  is  not 
limited  to  such  a  great  extent.  Like  a  lode  claim,  however, 
it  must  coincide  or  lie  within  the  location  boundaries.  The 
lines  of  a  placer  claim  cannot  lap  over  other  claims,  and  the 
aiea  in  conflict  be  excluded  as  with  lode  claims.  All  known 
lodes  must  be  excluded.  Placers  are  often  patented  with  lodes 
under  one  survey  number  Unlike  lode  claims,  the  deputy 
must  submit  under  oath  to  the  Surveyor-Generars  office  a 
description  of  the  soil,  vegetation,  etc.,  on  the  ground  included 
within  the  placer  claim  (see  Alaftuai  of  Insiructions).  Two  dis- 
interested persons  are  also  necessary  to  make  a  corroborative 
affidavit.  When  placer  ground  is  patented  by  legal  sub- 
division no  survey  is  necessary,  but  a  descriptive  report  must 
be  niade, 

270.  Mill^sites* — A  mill-site  may  be  patented  on  non- 
mineral  land  not  contiguous  to  vein  or  lode,  i.e.,  not  joining  the 
end  line  of  a  lode  claims  nor  including  within  its  boundaries 
known  lodes.     A  mill-site  when  located  in  connection  with  a 
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lode  claim  may  be  patented  under  the  same  survey  number 
the  lode  and  without  additional  development  work*  It  mi 
not  contain  more  than  5  acres,  and  is  surveyed  and  the  corners 
are  set  at  the  same  time  as  the  lode  claim*  The  patent  surv' 
must  not  extend  over  the  location  lines*  One  corner  is  \m 
to  a  corner  of  the  Government  survey,  and  to  a  comer  of  the 
lode  claim  with  which  it  is  to  be  patented.  A  mill-site  may 
patented,  not  connected  with  a  lode  claim,  if  a  mill  is  actualij 
built  or  in  process  of  construction, 

271.  Amended  Surveys* — These  surveys  are  ordered 
special  instructions  from  the  General  Land  Office,  and  ni 
rule  can  be  given  for  the  work  (see  Manual  0/  Insiructm 
A  very  common  cause  for  ordering  these  surveys  is  that  clai 
applying  for  patent  after  the  survey  is  made  lose  the  grou 
on  which  one  or  both  end  lines  are  situated.     Therefore,  afli 
all  suits  are  settled  and  before  a  patent  is  issued,  an  amendi 
survey  is  ordered  to  cut  back  the  end  lines  to  free  groun< 
The  amended  survey  must  keep  within  the  original  survc; 
The  survey  retains  the  same  number,  but  must  be  mentioned 
in  the  notes,  etc,  as  an  amended  survey;  as,  **  Sun  No.  9463 
Am,*'     Amended  sun-^eys  are  also  ordered   when    a  material 
error  has  been  made  in  the  original  patent  survey  and  for  a 
variety  of  other  causes. 

272,  Adverse  Surveys. — When  the  owmer  of  a  mining  claim 
applies  for  a  patent  it  often  happens  that  ground  is  included 
that  is  claifned  by  other  parties  as  belonging  to  another  claim. 
These  parties  must  file  a  protest  in  the  local  land  office  in  order 
to  protect  themselves  against  the  issuance  of  the  patent  to  the 
conflicting  ground.  The  protest  is  known  as  "an  adverse,' 
and  must  be  accompanied  by  a  plat  showing  the  conflii 
claimed  to  exist  and  a  description  of  the  conflict  by  beaiini 
and  distance.  It  is  required  that  this  plat  and  survey  be  made 
by  a  U.S.  Deputy  Mineral  Surveyor  under  oath,  who  also  roak^s 
affidavit  as  to  the  labor  and  improvements  on  the  adversmg 
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^latnip     The  field-work  on  an  adverse  survey  is  much  the  same 

^^    the  ttcing-up  survey  in  patent  work,  except  that  \t  is  not 

'^^JCcssary  to  connect  with  a  corner  of  the  Government  survey, 

i^or  to  tie  in  the  corners  of  any  conflicting  official  survey  other 

"^ban  those  directly  concerned.     The  adverse  plat  must  show 

^Vie  whole  of  the  adversing  claim  and  that  part  of  the  adversed 

^Uim  necessary,  also  the  position  of  all  improvements. 

The  conflict  between  the  claims  is  generally  colored  on  the 
plat  The  description  should  begin  at  a  corner  of  the  adversed 
claini  or  at  a  point  connected  by  bearing  and  distance  to  such 
^corner.  The  area  of  the  conflict  is  given*  If  the  adversing 
tlaim  lias  also  been  surveyed  for  a  patent,  no  field-work  will  be 
necessary  in  making  the  adverse  plat. 


UNDERGROUND   SURVEYING, 

273,  Underground  Surveying  has  for  Its  object  the  deter- 
mination of  the  position  of  the  various  workings  of  a  mine 
irith  relation  to  themselves  and  to  the  surface  boundaries  and 
improvements,  or  with  relation  to  a  system  of  reference  planes. 
The  information  gathered  by  means  of  the  survey  is  used  to 
determine  the  proximity  of  property  lines,  the  neighborhood 
of  other  workings,  to  give  points  for  running  connections,  to 
locate  and  map  any  geological  features  that  are  important,  to 
calculate  the  ore  stoped  out  or  the  probable  amount  in  sight, 
etc.  All  of  these  uses  arc  not  necessarily  required  of  one 
survey^  but  it  is  true  that  no  mining  property  of  any  magni- 
tude can  be  worked  systematically  and  intelligently  without 
surveys.  The  survey  is  shown  by  means  of  one  or  more  maps. 
These  maps  include  a  plan,  and  generally  the  projection  of  the 
workings  on  two  vertical  planes  at  right  angles  to  each  other  j 
also,  in  many  cases,  sections  at  particular  points.  The  survey  is 
generally  begun  by  determining  the  true  meridian,  tieing  in  the 
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boundary  monuments  and  surface  workings,  and  establ 
points  near  the  entrance  to  the  mine*  The  meridian 
then  be  carried  into  the  shaft  incline,  adit,  or  tunnel,  ai 
main  parts  of  the  mine.  This  is  the  most  particular  f 
underground  surveying,  as  the  special  difficolties  encoui 

•make  great  care  necessary  to  avoid  serious  error,     Havii 
meridian  underground  the  workings  are  run  out  if  a  g 
map  is  wanted,  or  if  some  special  problem  is  to  be  solve 
^data  necessary  can  be  obtained, 

y  274.  Instruments^^For  this  work  a  light  mountain  I 
similar  to  the  one  described  for  patent  work  is  generally 
It  has,  in  addition  to  the  points  mentioned,  an  auxitiar 
scope  on  cither  the  top  or  the  side  of  the  main  telescoj 

I  vertical  or  highly  inclined  sightings,  and  for  careful 
should  have  either  a  complete  vertical  circle  or  else  have 
version  level-bubble  attached  to  the  telescope.  In  some 
for  the  most  particular  work,  an  instrument  with  ecc 
bearings  and  striding  levels  may  be  advisable.  When 
sights  can  be  taken^  a  300-  or  soo-ft*  tape,  with  a  short  o 

■  reading  the  fractions,  may  be  used*  For  short  sights 
are  the  majority  of  those  taken  underground  under  oh 
circumstances,  a  loo-ft.  ribbon  tape,  divided  to  hundr 
will  be  most  advantageous.  Besides  a  variety  of  things 
found  at  the  mine,  the  sur\^eyor  will  need  wire  for  plui 
shafts,  heavy  plumb-bobs,  extra  plumb-bobs  for  station  i 
screw-eyes,  nails,  an  axe,  note*book,  pocket-book  of  table 
Figures  92  and  g2a  show  the  two  types  of  mining  transit 

^,are  most  used. 

y  T/if  l/s^  of  Top  and  Side  Teiescope. — In  underground 
we  wish  to  find  the  bearings  of  the  lines,  their  lengths,  ar 
differences  of  elevation  betw*een  the  stations.  The  sur 
then  a  traverse  to  find  the  three  coordinates  of  the  ] 
occupied.  When  the  sights  become  so  steep  that  they  c 
ibe  taken  with  the  nniain  telescope  on  account  of  the  int 
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ttc€  with  the  plate,  then,  unless  the  instrument  i"^  provided 
dth  eccentric  bearings,  either  a  top  or  a  side  telescope  is  a 
Necessity.     In  using  the  top  telescope,  it  must   be  adjusted  so 
bat  its  line  of  sight  is  parallel  to  the  line  of  sight  in  the  main 
elescope.     If  the  Saegmucller  type  of  top  telescope  (Fig.  20, 
10 1)  is  used,  it  is  adjusted  as  for  solar  work,  and  it  is  only 
cessary  to  level  both  telescopes  and  bring  the  vertical  wire  of 
"the  top  telescope  into  the  same  vertical  plane  as  the  vertical 
wire  of  the  main  telescope*     This  is  done  by  sighting  on  a 
point  some  distance  away  with  the  main  telescope  and  swing- 
ing down  till  the  point  comes  into  view  in  the  top  telescope^ 
then  move  the  top  telescope   by  its   lateral   tangent    screws 
until  the  cross-wires  cut  the  point  sighted.     The  instrument  is 
now  ready  for  use,  but  has  the  disadvantage  of  low  power  in 
case  of  the  Saegmueller  solar  form,  and  is  less  stable  under 
trying  circumstances  than  a  telescope  mounted  directly  on  the 
axis. 

The  adjustable  telescope  is  mounted  on  a  central  axis  with 
trivet-plates  and  adjusting-screws.  With  this  form  the  line  o( 
sight  is  adjusted  to  the  optical  centre  by  rotating  in  wyes  as 
with  a  wye  level*  In  this  case  wooden  wyes  may  be  made  to 
serve.  When  this  has  been  done  the  vertical  wires  of  the  two 
tdcscopes  are  brought  into  coincidence  as  above,  using  the 
lateral  tangent  motion  of  the  top  telescope.  Then  to  bring 
the  horizontal  wire  of  the  top  telescope  to  a  position  such  that 
tile  two  lines  of  sight  are  parallel,  measure  the  vertical  distance 
between  the  telescopes  and  draw  two  horizontal  lines  at  this 
Stance  apart  on  a  piece  of  white  paper  Sight  the  horizontal 
wire  of  the  lower  telescope  on  the  lower  line  on  the  paper  at  a 
distance  of  50  ft,  or  more  from  the  instrument;  then  bring 
horizontal  wire  of  top  telescope  to  coincide  with  upper  mark 
by  means  of  the  trivet  adjusting-screws.  This  form  permits  of 
ver}'  accurate  work,  ranking  next  to  the  special  mining  transits 
l*ith  eccentric  bearings. 
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The    ordinary  form    of   top    telescope    (Fig-  g2a)   is  fixed  I 
rigidly  in  place  so  that  the  adjustment  given  above  must  be  I 
made   by  moving   the   cross-wires.      The   rigid   type  of  top 
telescope  is  mounted  by  some  makers  on  two  pillars  fixed  to] 
the  main  telescope. 

If  the  measurement  is  taken  from  the  axis  of  the  top  teb 
scope  to  the  next  station  as  shown  in  Fig.  93,  the  reductions  I 
are  made  as  follows:  Let  d  equal  the  slope  distance;  r,  thrl 
distance  between  the  telescopes;  et,  the  angle  of  depression  or  J 
elevation;  then  the  horizontal  distance  is  equal  to  1/  cos  at- 
r  sin  a.  The  difference  in  elevation  is  equal  to  rf  sin  it?' 
I'  cos  at  :F  H,L 


m^L^^ 


FlO^M. 


If  the  top  telescope  is  mounted  on  standards,  or  if  for  some 
other  reason  it  is  desirable  to  measure  from  the  horizontal 
axis  of  the  main  telescope,  the  reductions  are  as  follows: 
In  Fig*  94  let  f/ equal  the  slope  distance;  r,  the  distance  bc^; 
tween  the  telescopes ;  and  a^  the  angle  of  depression  or  elcva 
tion  read.     The  real  angle  of  depression  or  elevation  of  th 

measured  line  is  a\  a'  being   equal  to  rr  ±  sin"*f  ^L  taking 

minus  sign  for  correction  to  angle  of  depression,  and  plus  for 
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angle  of  elevation  read.  Then  horizontal  distance  is  equal  to 
*/cos  it\     Difference  in  elevation  is  equal  to  ^siti  a'  :f  HJ. 

In  using  a  side  telescope  the  lines  of  sight  in  the  two  tele- 
scopes should  be  made  parallel  in  a  manner  very  similar  to 
that  used  for  the  top  telescope.  The  side  telescope  screws 
firmly  to  the  end  of  the  horizontal  axis  of  the  transit ;  it  is 
generally  provided  with  tangent-screws  for  movement  in  a 
vertical  plane,  and  may  have  adjusting-screws  for  lateral  move- 
ment ;  this  would  be  called  an  adjustable  side  telescope. 

To  use  the  adjustable  side  telescope,  first  adjust  the  line  of 
sight  to  the  line  of  colHmation,  using  the  method  by  means  of 
wyes  as  before,  then  adjust  the  horizontal  wire  by  sighting  a 
point  200  or  300  ft.  away  through  the  main  telescope,  swinging 
on  the  vertical  axis  of  the  transit  until  the  point  comes  into 
view  in  the  side  telescope^  and  moving  this  telescope  up  or 
down  by  tangent  screws  until  the  horizontal  wire  cuts  the 
point.  For  the  vertical  wire  measure  the  distance  between 
the  telescopes  and  draw  vertical  lines  at  this  distance  apart  on 
a  paper  set  a  distance  of  50  or  100  ft.  from  the  instrument. 
Now  bring  the  vertical  wire  of  the  main  telescope  to  coincide 
with  one  line,  and  then  bring  the  vertical  wire  of  the  side  tele- 
scope to  coincide  wnth  the  second  mark  by  means  of  its  adjust- 
ing-screws. In  case  of  a  non-adjusting  side  telescope  make 
the  correction  by  moving  the  reticule.  In  a  very  common 
form  the  vertical  wire  must  be  brought  to  the  proper  position 
by  means  of  the  movement  of  the  reticule,  and  the  horizontal 
wire  is  adjusted  by  means  of  tangent-screws  moving  the  side 
telescope.  The  measurements  are  now  made  directly  from  the 
horizontal  axis  of  the  instrument  to  next  station  and  the  H,L 
measured.  Then  the  horizontal  distance  is  equal  to  the  slope 
distance  times  the  cosine  of  the  angle  of  elevation  or  depression, 
and  the  difference  in  elevation  is  equal  to  the  sine  of  the  angle 
of  elevation  or  depression  times  the  slope  distance,  plus  or 
minus  the  HX     When  the  side  telescope  is  used  and  only  one 
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forward  sight  taken  to  each  station,  the  azimuth  read  must  bcl 
corrected  by  an  angle  whose  sine  is  the  distance  between  tbel 
telescopes  divided  by  the  horizontal  distance  between  the  sta 
tions*    The  correction  can  be  obviated  by  sighting  to  a  double 
rod,  the  two  parts  being  separated  by  a  distance  equal  to  the 
eccentricity   of   the   side   telescope,    but   this    is   not   reconi'i 
mended. 

It  is  to  be  noted  that  If  both  the  fore  and  back  sights  cq 
any  course  be  taken  with  the  side  telescope,  the  instrument! 
remains  properly  oriented   at   each  succeeding  new  statioivj 
Consequently  the  field-notes  need  Bho%v  no  correction,  but 
the  office  those  sights  taken  with  the  side  telescope  must  ha\*e| 
their  azimuths  increased  or  diminished  according  as  the  side 
telescope  is  on  the  right-  or  left-hand  side. 

One  of  the  great  advantages  of  the  side  telescope  is  that 
by  reversion  the  errors  in  adjustment  of  side  telescope  aod 
transit  can  be  eliminated,  provided  the  instrument  is  carefully 


Fig.  9S* 

leveled.     To  accomplish  this  two  sights  and  readings  are  taken 
for  each  forward  and  backward  sight,  as  follows: 

The  instrument  being  at  station  A^  Fig.  95,  and  the  teki 
escope  direct,  station  B  is  sighted  with  the  back  azimuth  | 
properly  set  off  and  the  forward  azimuth  Z\  and  the  vertical  I 
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angle  read  to  station  C.  Then  with  telescope  reversed  station 
B  is  Sighted,  using  the  same  back  azimuth  and  the  azimuth  Z'\ 
and  the  vertical  angle  again  read  to  station  C- 

From  Fig.  94  it  Is  plain  that  the  average  of  the  two  azi- 
nitiths  read  (the  second  reading  being  corrected  by  iSo^  as 
telescope  was  reversed)  will  be  the  true  azimuth  Z  between 
the  stations,  thus  eliminating  the  effect  of  the  side  telescope 
if  the  latter  maintains  a  fixed  relation  to  the  main  telescope  ; 
also  eliminating  the  effect  of  an  inclined  horizontal  telescope 
axis,  which  is  such  an  important  factor  where  steep  sights  are 
taken.  The  average  of  the  two  vertical  angles  read  will  give 
the  true  vertical  angle.  For  an  absolute  check  repeat  the 
whole  operation, 

2740.  StationS-^ — Underground  stations  may  consist  of 
overhead  or  floor  stations,  and  may  be  either  permanent  or 
temporary.  When  it  is  advisable  to  establish  a  station  in  a  tic 
or  in  a  stake  or  plug  driven  in  the  floor,  the  head  of  a  wire 
nail  is  good.  For  a  permanent  station  in  a  rock  floor  a  hole 
3  to  6  inches  deep  is  drilled  and  a  wooden  plug  set,  in  which  a 
nail  can  be  drivenp  Some  writers  mention  the  use  of  a  |^' 
boiler-rivet  sunk  in  a  hole  J"  diam<  and  i|''  deep.  The 
rivet  is  split  for  an  inch  and  has  a  wedge  started  in  the  split ; 
this  wedge  strikes  the  bottom  of  the  hole  first,  spreads  the 
rivet,  and  holds  it  firmly  in  solid  rock. 

For  permanent  overhead  stations  screw-eyes  set  into  caps 
or  stuUs.  from  which  a  plumb-line  can  be  suspended,  are  the 
most  convenient;  where  timbers  arc  not  available,  a  hole 
is  drilled  in  the  rock  from  3  to  6  inches,  and  a  wooden 
plug  driven  in  and  the  screw-eye  set  as  before.  Horseshoe- 
nails  with  a  hole  punched  in  the  head  have  been  used  in  place 
of  screw-eyesj  but  it  is  an  unnecessary  trouble  to  have  them 
made<  A  three-inch  wire  nail,  bent  in  the  form  of  a  staple, 
makes  an  excellent  station,  as  the  sharp  corner  allows  the 
plumb-bob  string  to  always  take  the  same  position. 
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In  a  large  mine  the  stations  should  be  carefully  numbered. 
If  the  mine  is  worked  by  levels,  a  good  system  is  to  number 
stations  on  ist  level  loi,  to2,  ctc^  those  on  2d  level  201, 
202,  etc.,  and  so  on  for  all  the  levels,  thus  avoiding  mistakes 
and  saving  time  in  hunting  up  notes.  The  numbers  maybe 
painted  or  scribed  on  the  adjacent  timbers  or  rock.     A  ver)' 


¥ 
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reliable  way  is  to  use  round-headed  nails,  as 


for  324,  a 


washer  serving  for  zero.  The  very  best  method,  however,  is 
to  use  brass  or  zinc  tags  marked  with  stamps.  This  tag  is 
nailed  to  the  plug  or  timber  according  to  the  character  of  the 
station. 

It  is  very  important  in  extensive  workings  to  have  the 
stations  legibly  and  systematically  numbered  and  referenced: 
the  latter  precaution  is  especially  necessary  where  the  station 
is  in  a  timber,  as  witness  the  mishap  of  the  man  who  ran  a  con- 
nection from  a  station  in  astull^  which  the  miners  had  turned 
end  for  end!  Also  in  some  places,  notably  hi  coal-mines,  the 
miners  have  a  habit  of  removing  or  tampering  with  the  sta- 
tions, thus  causing  endless  trouble  unless  they  are  properly 
referenced  and  tested  before  use. 

Stations  in  shafts  or  inclines  for  temporary  use  may  con- 
sist of  nails  driven  into  the  edge  of  the  shaft  timbers,  or  in  a 
sprag,  and  are  usually  set  at  an  angle  such  that  they  can  be 
sighted  from  above  and  below.  Stations  are  very  often  made 
of  a  piece  of  tin  about  3''  by  4"  with  a  cross  cut  in  it.  This  is 
covered  with  tracing-cloth  and  nailed  to  a  plank  over  a  hole 
or  notch  so  that  the  cross,  when  illuminated,  can  be  sighted 
from  both  directions. 

Stations  are  illuminated  for  sighting  by  holding  a  light 
close  behind  them.  The  best  method  is  by  holding  a  piece  of 
tracing-cloth  or  oiled  paper  between  the  station  and  the  light, 
thus  presenting  a  comparatively  large  illuminated  surface  on 
which   the  station  and  cross-wires  may  be  seen.     Plummet* 
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lamps  have  been  used  ;  they  are  simply  ordinary  mine-lamps 
made  m  the  form  of  a  plummet  and  swun^  by  a  bail  so  that 
the  flame  hangs  true.  It  is  sometimes  necessary  to  illuminate 
the  cross-wires  in  taking  sights^  as  well  as  the  stations.  It  is 
generally  sufficient  to  hold  a  candle  near  enough  in  front  of 
the  object-glass  to  throw  light  into  the  telescope-tube  \  in 
other  cases  a  metal  or  paper  reflector  is  uscd^  while  some 
mining  transits  have  a  hollow  axis  through  which  light  may  be 
directed.  The  difficulties  of  properly  lighting  the  stations 
and  cross-wires  vary  with  the  length  of  the  i^tght,  the  condi- 
tion of  the  air,  and  the  character  of  the  rock.  In  coal-mines 
it  is  much  more  difficult  to  get  sufficient  light  owing  to  the 
absorption  of  light  by  the  black  walls,  etc* ;  those  coal-mines 
that  are  not  fiery  use  oiUamps  and  torches.  In  metal-mines 
candles  are  much  used,  except  in  very  wet  places,  where  the 
falling  water  would  extinguish  them*  A  good  candle,  where 
it  can  be  used^  makes  the  best  light  for  the  surveyor,  giving  a 
clear  light,  without  soot  or  smoke,  and  suitable  for  reading  and 
.sighting.  Electric  mine-lamps  have  been  devised,  but  have 
not  yet  come  into  general  use, 

h  274ft.  To  Carry  the  Meridian  into  the  Mine.— Fw/.  By 
Bff7?jx  0/ ike  TransiL^U  the  mine  is  entered  by  adit,  tunnel, 
K  slope,  the  meridian  is  carried  in  by  ordinary  underground 
^B verse,  to  be  described  later. 

If  the  mine  is  entered  by  an  incline  or  a  crooked  shaft,  the 
line  is  run  in  with  a  transit  provided  with  an  auxiliary  tele- 
scope. This  method  is  of  wide  application  and  is  much  used 
by  engineers.  It  is  adapted  to  that  class  of  mines  w^orking 
more  or  less  vertical  veins,  where  the  shaft  or  incline  follows 
the  vein  on  its  dip.  One  shaft  surveyed  by  the  authors  was 
so  crooked  that  in  6qo  feet  eight  sights  were  necessary,  yet 
the  bottom  of  the  shaft  was  only  a  few  feet  away  from  where 
it  would  have  been  if  the  shaft  had  been  vertical.  In  this  case 
the  bends  in  the  shaft  limited  the  length  of  the  sights  and  at 
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some  points  necessitated  stagings  between  the  levels.  When 
the  incline  is  straight^  as  in  the  case  of  some  of  the  largest 

I  mines,  the  length  of  the  sights  is  only  limited  by  the  length  of 
the  tapet  the  condition  of  the  atmosphere,  etc. 
It  is  easier  to  run  down  an  incline  than  up,  on  account  of 
the  greater  ease  in  measuring  the  distances.  In  any  event  it  is 
more  difficult  to  see  down  than  up,  except  in  very  wet  places, 
on  account  of  the  greater  difiRculty  in  lighting  the  stations* 

Great  care  should  be  taken  in  reading  the  vertical  angle,  as 
a  small  error  in  such  a  case  changes  appreciably  the  horizontal 
distance  between  the  stations.  The  accuracy  diminishes  as  the 
steepness  of  the  sights  increases,  because  the  azimuth  is  deter- 
mined  by  the  horizontal  projection  of  the  line  of  sight,  and  this 
base  line  becomes  very  short  with  steep  sights.  A  steep  sight 
implies  a  great  difference  in  elevation  between  foresight  and 
backsight ;  thus  an  error  in  the  adjustment  of  the  transit  is 
greatly  magnified,  and  must  be  very  carefully  eliminated  in 
important  cases,  by  reversal^  striding  levels,  etc.  A  very  small 
error  in  sighting  to,  or  setting  over,  stations  marking  the  ex- 
tremities of  a  short  base  line  will  be  material :  e.g.,  suppose  the 
shaft  will  allow  only  a  five-foot  base  line;  then  if  the  sights 
were  lOO  ft.  long,  the  vertical  angle  would  be  about  87"  S', 
Now,  if  it  is  admitted  that  there  is  a  probability  of  the  com- 
bined error  of  setting  and  sighting  being  .003  ft,  at  right  angles 

to  the  plane  through  the  stations,  the  error  would  be  tan'^f— ^] 

equal  2  minutes.  This  is  a  compensating  error,  consequently 
the  square  root  of  the  total  number  of  errors  probably  remaiiis 
uncompensated.  Thus  it  is  seen  that  it  would  take  great  care 
to  run,  say,  400  ft*  down  the  shaft  with  an  error  not  more  than 
3  or  4  minutes.  From  the  above  discussion,  and  also  from  the 
results  of  experience,  it  follows  that  for  a  vertical  shaft  the 
meridian  may  be  carried  down  more  accurately  and  more 
quickly  by  plumb-lines  than  by  use  of  the  mining  transit.    This 
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Statement  holds  with  more  force  with  a  deep  shaft.  No  defi- 
nite rule  can  be  given  in  regard  to  this  work,  as  the  details  in 
almost  every  case  are  different  and  much  depends  on  the  in- 
genuity of  the  surveyor  and  assistant, 

Sicmid,  By  use  of  FlumbMnts,^ — The  plumb-bobs  used  are 
of  lead  or  iron,  and  weigh  from  5  to  20  lbs,  according  to  the 
depth  of  the  shaft  and  the  condition  of  the  same.  Up  to  per- 
haps 1000  ft.  the  weight  might  be  fron>  8  to  12  lbs.  with  No,  ■ 
22  copper  or  soft  steel  wire ;  for  shorter  distances  bobs  weigh* 
ing  from  5  to  8  lbs,,  with  No-  24  wire,  will  do ;  while  for  greater 
depths  or  heavier  bobs  it  may  be  advisable  to  use  No.  20  wire.  ■ 
Capper  wire  is  generally  to  be  preferred,  although  it  stretches 
more.  The  plumb-bobs  should  swing  in  a  bucket  of  oil,  mud, 
or  other  liquid  that  will  retard  the  vibrations.  The  point  of 
the  bob  in  swinging  traces  an  ellipse.  If  we  do  not  choose  to 
wait  for  the  bobs  to  stop  swinging,  a  board  may  be  placed 
close  to  each  wire  and  at  right  angles  to  the  plane  through  the 
two  wires  and  the  vibrations  read  for  some  time  by  means  of  a 
scale,  then  a  mark  is  made  opposite  the  mean  position  and  the 
sight  taken.  Otherwise  the  surveyor  waits  until  the  vibrations 
have  stopped  or  have  nearly  done  so,  and  then  takes  the  sight* 
With  this  method  the  observations  on  the  wire  must  be  con- 
tinued long  enough  to  make  sure  that  the  line  is  stationary  and 
not  merely  at  some  point  in  its  slow  vibration.  There  is  in  ■ 
use  in  the  Pennsylvania  coal-mines  a  bob  made  of  two  flat  disks 
of  iron  connected  by  ribs  and  weighing  20  lbs, ;  this  is  specially 
designed  so  that  it  may  be  left  until  it  has  assumed  a  stationary 
position. 

There  are  several  different  conditions  met  with  in  plumbing 
shafts,  which  naturally  divide  the  subject  for  systematic  dis- 
cussion.    These  cases  will  be  taken  up  in  order  as  follows ; 

First,  When  there  are  Tw^  Shafts. — Hang  a  plumb-line  in 
each  shaft  at  A  and  A  Fig.  96,  then  on  the  surface  run  a 
traverse  from  A  to  B,  from  which  the  true  azimuth  and  length 

*  The  operator  mast  gua^rd  against  constant  air  currents,  howevee 
slight,  as  these  may  cause  a  constant  devUlion  in  deep  shafts,  even  with 
very  heavy  bobs,     See  Mngr,  and Min,  Jaur,,  Apr,  36,  1902,  p.  S7**         ^ 
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of  the  direct  course  A-I)  can   be   calculated.     Underground 
assume  the   bearing  of  the  first  course  (i)  to  A  and  tur  i 
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traverse  to  the  second  plamb*line  at  B  and  calculate  the 
azimuth  and  length  of  the  underground  Hne  A-B^  The  differ- 
ence in  the  azimuths  found  by  the  two  surveys  wilt  give  the 
correction  to  be  applied  to  the  underground  azimuths  to  bring  I 
them  to  the  true  meridian.  For  a  check  on  the  work  the  hori- ' 
zontal  distances  resulting  from  the  calculation  of  the  two 
traverses  should  agree.  J 

In  Fig;  g6  it  is  assumed  that  the  surface  survey  determined  « 
the  azimuth  of  A-B  as  270"  lo',  and  that  the  azimuth  as 
determined  from  the  underground  survey  with  an  assumed 
meridian  was  275''  20',  from  which  it  follows  that  all  the_ 
azimuths  of  the  underground  survey  should  have  5*  10'  sub  1 
tracted  from  them  to  read  from  the  true  meridian.  This 
method,  or  a  modification   of  it,  should  be   used  whenevcrj 


possible,  on  account  of  the  accuracy  easily  attainable  by  it. 
The  base  line  on  which  the  meridian  depends  being  in  this 
erase  the  length  of  the  line  between  the  plumb-wires,  cor- 
«-esponding  to  A-B  in  Fig.  96.  This  method  is  often  used  for 
«-unning  from  one  level  to  another  in  a  mine  where  the  main 
shaft  and  a  winze  or  man  way  can  be  used. 

Stcand.   When  One  Vertical  Shaft  is  the  Only  Entrance  to 
^ke   Mine, — In    this    case    two    plumb-lines   are   hung   in   the 
shaft  as  far  apart  as  possible*     They  are  placed  in  this  way 
because  the    longer  the    base  line   the   less    a   slight    discre- 
pancy will  aflfect  the    meridian  determined    from  it.     Before 
letting  down  the  wires  it    is  usually  well  to  make  an  exam- 
ination  of  the  shaft   to    determine  the  most    advantageous 
-way  of   hanging   them;   keeping  in    mind  the  desirability  of 
a  long  base  line,  but  arranging  the  wires  so  as    to  be  most 
available^  at  the  different  levels,  for   taking  off  the  line*     It 
often    happens   that    the    head-works    limit    to    some    extent 
the  position  in  which  the  wires  can  be  hung*     This  part  of 
the  work  requires  good  judgment  and  experience  on  the  part 
of  the  engineer* 

In  the  larger  mines,  with  shafts  of  three  or  more  compart- 
ments, it  is,  as  a  rule,  easy  to  get  a  good  base  line,  but  it  is  often 
necessary  to  carry  a  meridian  into  shafts  much  smaller  but  of 
considerable  depth,  and  where  the  several  levels  run  off  at  dif- 
ferent horizontal  angles  from  the  shaft.  In  some  cases  the 
operation  of  plumbing  will  have  to  be  carried  out  two  or  more 
times  in  order  to  connect  with  the  different  levels. 

After  the  preliminary  examination  the  wires  arc  let  down 
the  shaft  with  a  small  plumb-bob  or  other  weight,  the  heavy 
bubs  being  attached  at  the  bottom.  The  transit  is  set  up  on 
the  surface  so  as  to  be  in  line  with  the  position  of  the  wires 
determined  upon.  One  wire  is  then  sighted  directly,  and  the 
other  brought  into  line. 

The  wires  may  be  suspended  from  heavy  spikes  driven  into 
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the  timbers  or  into  a  cross-beam  put  in  for  that  purposejor 
any  other  convenient  way  that  furnishes  a  solid  support.    A 
very  important  point  is  to  make  sure  that  the  wires  hang  per- 
fectly  free.     This  maybe  determined  by  passing  a  light  slowly 
around  the  wire  at  the  bottom  and  observing  the  same  from 
the  top.     Sometimes  it  is  necessary  to  climb  down  the  shaft 
and  inspect  the  wires  in  dttasl,  or  the  support  may  be  given  a 
measured  movement  and  the  wire  watched  to  see  if  a  corre- 
sponding movement  takes  place  below.     In  a  well-timbered 
shaft  using  a  bucket,  a  man  can  be  lowered  slowly  without  dis- 
turbing  the  wires,  and  their  position  thus  fully  detertnined* 

In  order  to  get  the  instrument  below,  the  wires  and  sup^ 
ports  are  so  arranged,  if  possible,  that  they  will  allow  of  the 
bucket  or  cage  passing  down  while  the  wires  are  swung  tera. 
porarily  against  the  timbers.  If  this  cannot  be  done,  and  only 
one  transit  is  available^  it  will  have  to  be  carried  dow^n  the 
ladders.  At  the  various  levels  of  the  shaft,  the  transit  must 
be  set  in  line  %vith  the  two  wires  at  a  distance  of  from 
5  to  15  ft,  or  more  from  them,  according  to  the  exigencies 
of  the  case.  This  requires  great  care,  especially  where  cur- 
rents of  air  or  falling  water  prevent  the  wires  from  beconi< 
ing  absolutely  stationary.  The  vibration  is  so  slow  in  many 
cases  that  there  is  danger  of  taking  the  wire  in  a  wrong 
position.  A  plumb-bob  swung  with  a  500-ft-  cord  would  ne- 
quire  over  12  seconds  to  vibrate  in  air,  and  if  retarded  by 
swinging  in  oil  or  water  it  may  take  several  times  as  long.  As 
soon  as  the  transit  is  in  place  its  position  should  be  marked  by 
a  permanent  station  and  another  one  put  ahead,  so  that  at 
least  two  stations  are  available  for  orientation.  It  often  hap- 
pens that  it  is  not  convenient  to  establish  a  permanent  station 
where  the  instrument  sets,  after  transiting  in,  but  one  maybe 
set  ahead  and  a  backsight  station  fixed  at  some  convenient 
point  on  line. 

When  this  has  been  done  at  each  level  where  the  azimuth 
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is  to  be  taken  off,  the  plumb-lines  are  removed  from  the  shaft 
and  the  different  levels  run  out  at  the  surveyor's  convenience* 

If,  in  order  to  get  a  long  base  line,  the  wires  are  placed  so 
that  they  are  not  in  line  with  the  levels,  it  becomes  necessary 
to  set  the  instrument  at  one  side  in  the  level  and  tie  in  to  both 
wires,  thus  obtaining  the  azimuth  by  the  solution  of  a  traverse 
or  triangle  as  in  the  first  case,  \vherc  there  are  two  shafts.  This 
niethod  is  sometimes  necessary,  but  as  a  general  rule  it  is  not 
to  be  recommended,  unless  a  much  longer  base  line  can  be 
had  by  its  use. 

The  depth  of  the  shaft  can  be  determined  by  measuring 
directly  from  level  to  level,  or  from  point  to  point  down  the 
shaft ;  or  it  may  be  found  by  bringing  the  wire  up  over  a  pulley^ 
under  constant  tension,  and  measuring  it  with  a  tape  as  it  is 
drawn  up. 

With  the  short  baselines  that  are  necessary  in  most  shafts^ 
^vtry  precaution  must  be  taken  to  insure  good  results.  With 
a  ten-foot  base  line  an  error  of  0.006  ft.  or  less  than  one  six- 
teenth of  an  inch,  if  at  right  angles  to  the  line,  would  mean  an 
error  in  azimuth  of  2',  This,  in  a  distance  of  one  mile,  would 
throw  the  position  of  a  point  about  3  ft,  out  of  place.  On  the 
other  hand,  a  case  is  mentioned  in  the  Trans.  Am.  InsL  Min. 
Engrs*^  where  shafts  200  ft.  deep,  but  so  twisted  as  to  give 
base  lines  6"  to  18"  long,  were  plumbed  and  connections  made. 
The  connections  were,  however,  in  no  case  far  from  the  bottom 
of  the  shaft, 

Tkird.  When  it  is  necessary  to  carry  a  mtriiiian  down  a 
shallmo  but  steeply  inclined  working,  and  an  instrument  with  an 
auxiliary  telescope  is  not  available.  This  can  be  done  by 
stretching  a  wire  down  the  incline  and  by  suspending  one  or 
two  plumb-bobs  near  the  top  and  bottom  of  the  incline,  thus 
enabling  the  transit  to  be  lined  in  both  above  and  below  and 
the  meridian  transferred.  When  it  is  inconvenient  to  hang  the 
plumb-bobs  on  the  wire,  they  mav  be  hung  tangent  to  it. 
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Fourth,  B)f  Aiigfimtnt  iff  a  Wire  from  the  Surface, — Iftk 
bottom  of  the  shaft  or  incline  is  not  too  far  away,  the  method 
used  in  the  Severn  tunnel  may  be  employed,  A  wire  is 
stretched  lOO  ft,  or  more  into  the  drift  at  the  bottom,  the 
ends  passing  over  screws  with  which  the  wire  may  be  accy- 
rately  aligned  by  the  transit^  for  the  few  feet  visible  from  ik 
top  of  the  shaft.  This  is  quite  an  accurate  method,  where 
applicable,  if  a  heavy  transit  with  a  large  telescope  is  used. 

The  work  of  carrying  the  meridian  into  the  mine  should, 
in  very  important  cases,  be  gone  through  with,  independeiitiy, 
at  least  twice,  besides  using  every  precaution  and  check  id 
measuring  the  angles  and  distances  in  each  case* 

This  part  of  the  survey  is  generally  the  most  expensive  for 
the  mine,  as  it  stops  work  in  the  shaft.     It  also  generally  pre- 
sents  more   difficulties  and   requires  more  judgment  on  the   I 
part  of  the  engineer  than  any  other  part  of  the  survey. 

274**,  Underground  Traversing. — This  is  ordinarily  car- 
ried  on  much  the  same  as  on  the  surface,  with  the  exception 
of  a  number  of  details  due  to  darkness  and  other  conditions 
peculiar  to  underground  work.  The  measurements  are  usually 
made  on  the  horizontal  in  running  out  an  ordtnarj^  level  or 
entry.  If  for  any  reason  the  elevations  of  the  stations  are  re- 
quired with  a  fair  degree  of  accuracy,  it  will  be  necessar>Mo 
read  the  vertical  angles  and  the  height  of  instrument  at  each 
station*  For  very  exact  work,  as  in  running  out  grades,  a 
levcling-rod  should  be  used. 

The  H  J*  is  generally  recorded  positive  when  the  instru- 
ment is  above  the  station,  and  negative  when  it  is  below. 
The  necessity  for  taking  the  H.I.  s  can  be  avoided  by  measur- 
ing the  distances  and  vertical  angles  both  ways  from  the  alter- 
nate stations  occupied.  This  method  carries  the  elevation 
forward  and  gives  the  elevation  of  stations  measured  to. 

The  three-tripod  method  of  traversing  underground  makes 
mounted  on  an  axis  similar  to  the  one 
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en  the  transit,  so  that  the  cross  of  the  target  is  the  same  dis- 
tance above  the  leveling  head  as  the  cross-wires  of  the  transit. 
This  involves  the  use  of  the  short -axis  transit,  so  that  it  can  be 
Jifted  off  above  the  leveling  liead  and  be  exchanged  with  the 
kmp-target. 

The  instrument  being  set  up  over  any  station,  one  tripod 
[with  lamp  Is  set  up  over  the  backsight  station^  and  the  other 
bvcr  the  forward  station.  The  sights  are  now  taken  to  the  J 
target-lamps,  and  the  measurement  made  from  the  horizontal 
axis  of  the  instrument  to  the  centre  of  the  target.  The 
|veitical  angle  is  read  and  the  H,L  measured.  Now  the 
instrument-head  is  lifted  out  of  its  socket  and  carried  to  the 
forward  station,  replacing  the  target- lamp  at  that  point,  the 
target-lamp  being  taken  back  to  the  former  instrument 
station.  The  rear  target  and  tripod  is  next  moved  up  to  the 
forward  station,  and  the  work  proceeds.  The  three-tripod 
method,  it  is  claimed,  is  expeditious  and  accurate;  its 'dis- 
advantages arc  the  extra  cost  of  apparatus  and  the  djfRculty 
of  carrying  so  much  around.  It  would  seem  to  be  adapted  to 
the  needs  of  a  surveyor  who  had  a  large  mine  to  look  after, 
md  where  all  the  workings  were  horizontal  or  not  steep 
enough  to  require  ladders.  These  conditions  arc  more  often 
present  in  coal-mines  than  in  metaUmincs. 

On  p.  388  is  shown  a  good  arrangement  for  the  notes  of  an 
underground  traverse  and  connection  to  the  surface*  Traverses 
are  usually  run  through  all  the  main  workings  of  the  mine. 
Starting  at  each  level  from  the  meridian  previously  brought 
in,  as  many  permanent  stations  and  bench-marks  are  established 
as  may  seem  desirable.  The  position  of  these  stations  should 
be  noted,  and  also  any  irregularities  in  the  drift  to  enable  it  to 
be  platted  correctly.  For  ver>'  careful  work,  offsets  from  the 
traverse  lines  are  taken  at  short  intervals.  In  some  cases  it  is 
pecessary  to  set  reference  points  near  the  stations  so  that  these 
ean  be  replaced  if  destroyed. 


■ 

■ 

r 

^H 

^^^^^^B 

[        38S 

5£/j?r^r/A"(7- 

1 

^P                                          UNDERGROUND  SURVEY.                     fl 

^ 

(UfL-hud  page.)                              March  I6.  1899.                            (Rlcht-luod 

«i 

5  li 

c 

1 

.5 

■si 

|| 

^  3 

Object  Sighled.                  Eeaurl^l 

1 

< 

l« 

S< 

^Q 

1 

®    .? 

545"  s<n^.o6 

+    9*o?, 

333' 13 

.... 

0  31. 

k( 

«>3'oo' 

:iu.45 

-    3*30/ 

3i3.«e 

®3- 

©    S' 

ts»  04' 

a9i.4i 

—    fi"  aa 

»9i.9S 

4/79*"-                                   ^H 

*il 

3,.;  5a; 

3J5.B8 

33»'3» 

..      tm 

i/79t«.                                                 ^H 

^  J 

t;;:; 

»f3-49 

lere] 

*93-49 

S**                                            ^-^1 

^ 

9g.7o 

+     **"3a' 

58.6a 

<^^H 

0      4 

i7«*i7; 

350.9^ 

-    6-39' 

34834 

^^H 

1 

^    43 

177'  " 

J3>'M 

'   10-44' 

335.36 

.       ...* 

i2/79ia,                                         ^^^B 

b/79** 

86*  la' 

300,50 

+4r' 

300.49 

«*.»..! 

5/79t=».                                            ^^^ 

0      l£ 

ti?'  33^ 

»7-94 

17.94 

f  ■  .*  t4 

0  16, 

0    16 

^e-  50; 

7-33 

7.K1 

i  S.  E.  wire  depth  of  tbmtt  to  4(ti  Icvd  3 

,,  ,   l|S.  K.  corner  sWl. 

*i 

I  so"  00' 

6.P0 

6^00 

tt 

"4"  4S- 

ll.QO 

ia.oo 

. , .  .. ' 

s.  w.    - 

0     >f 

5*6*  V 

7,6e 

7.^ 

S.  E,  wire  0  18  Ji  UQ^Ierfprtmitd, 

0    »g 

;3;«1 

:ji? 

0  19. 

e  4ot«  4.5  ii'  N.  W.  centre  ddit  h'  i^>< 

0  401 

aja^  ^s' 

go.as 

90.45 

0  4<»^ 

3>5*  33' 

57*« 

S7^ 

Centre  or  drjft.                               ^m 
e  404-  H.  L  AboTc  floor  =  4.15.      H 

<i^  401 

a4ti*  If' 

S.T.09 
73.64 

53-09 
7S-6« 

•       --H, 

iSg*  at' 

16.  iS 

16,1a 

<^  4'*5t 

ti 

34.5« 

31-5 1 

©;j. 

/ 

€»4e4 

15a-  iB' 

ID.OO 

10,00 

»  *  .  *  .  * 

W.  tide  room. 

/"St    /     / 

|:: 

75^  .8' 
347-  43 

43.to 

43-80 

Angle  (t>. 
Centre  breast- 

r  " 

107*  3«' 

10.50 

idhSO 

An^Ie  (2). 

** 

340'  ^8^ 

*5SO 

iJSO 

B.  side  rmim. 

y^       ■ 

i* 

ifl*  jS' 

14  QO 

J4'0Di 

AnRlc  (4), 

/   H>    V 

n 

I14»  39' 

B.ao 

B.ao 

N.W.cor.winxe. 

/  /K.    / 

M 

44 

6.«o 
74-B4 

(1 

-  51'  51' 

6.60 
4^*13 

SH.85 

N,  E.  cor.  widie 

/  /\y 

*/  wide. 

In  wio*c  4'  W. 

SMonif. 

0    4« 

io6*3S' 

1W.3. 

—  4S*  i&* 

80..5 

88.65 

0  41  H    h  ^  iY-    In  wioK  .'  W. 
0  5&1  N  Cenlrt  drift,  penMQcnt  =  51I 

0  41 

aa3«  04' 

30.90 

^  i6"  03' 

39.64 

(1.73 

0  joi  N» 

263^  .7' 

*3=3, 

level 

13-33 

1  £>  5tia  N.  perttiattcnt. 

■k 

'5*>*  ^^ 

34-" 

" 

34*» 

Centre  brcaal. 

t* 

S*-  39' 

43^5<» 

it 

43'So 

"*'" 

" 

1 

Where  winzes  or  man  ways  extend  from  one  levdW 

Other,  it  is  a  good  plan,  when  convenient,  to  run  connec 

through  them,  as  a  check  on  the  work  if  for  no  other  pur 

The  work  when  completed  gives  data  for  a  general  map  c 

mine,  but  supplies  no   detailed  information  in   regard^ 
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^     When  the  latter  is  necessary  a  line  can  be  run  into 

topes  from  the  most  convenient  reference  station, 
Novk  consists  generally  in  determining  approximately 
ount  of  ground  broken  and  the  extent  of  the  workings; 
tore  if  one  or  two  points  in  the  slope  have  been  connected 
a  permanent  station  the  rest  of  the  measurements  may 
be  taken  with  the  tape  without  reading  angles. 
?r  such  surveying  work  or  for  any  approximate  work, 
ially  in  confined  spaces,  the  German  swinging  compass 
rlinometer  is  very  good.  It  is  hung  on  a  cord  or  wire 
hed  from  one  station  to  another.  The  cord  corresponds 
|line  of  sight  between  stations,  as  its  direction  and  angle 
IVation  or  depression  is  read  directly  by  compass  and 
neten  One  of  the  chief  advantages  of  this  method  is 
lie  with  which  coordinates  can  be  measured  directly 
the  cord,  at  any  point,  to  the  walls  or  boundaries  of 
pn fined  space*  The  hand  compass  and  clinometer  is 
lused  in  measuring  up  stopes»  and  is  often  sufficiently 
ate  for  use  in  the  examination  of  mine-  and  ore-bodies  by 
gineer  making  a  prehminary  report. 
\d.  Underground  Leveling- — For  underground  leveling 
^nary  wye  level  is  used.  It  should  be  provided  with  a 
^adjustable  tripod  in  addition  to  the  ordinary  one.  In 
I  level  is  not  available  the  transit  can  be  used  unless 
le  accuracy  is  wanted.  A  convenient  rod  is  one  5  ft_ 
Id  capable  of  being  extended  to  9  ft.  The  rod  can  be 
te^-target  directly  when  visible,  otherwise  a  small  steel 
Ic  a  knitting-needle  may  be  soldered  on  to  the  target  at 
TO  line  so  as  to  project  two  or  three  inches,  then  a  paper 
;ht  held  behind  it  properly  will  enable  the  target  to  be 
nstderable  care  should  be  used  in  underground  leveling 
onnections  are  to  be  made  by  tunnels  or  drifts,  as  for 
ulage  and  drainage  it  is  necessary  that  the  grades 
welt 
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274e.  Mapping  the  Survey,— If  the  mhie  workings  11^ 
one  bed,  horizontal  or  nearly  so,  as  in  many  coal-Tnines.  j 

plan  of  the  workings  may  be  sufficient.     In  ordinary  m 
mineSf    where   the  workings   extend   more   or   less  verticl 
downward,  the  survey  is  properly  shown  by  at   least  tl 
maps:  first,  the    plan    or  projection  on   a    horizontal  pll 
second,  the  longitudinal  section,  generally  the  projection  at 
vertical  plane  coinciding  as  near  as  may  be  with  the  gcft 
direction  of  the  levels;  third,  the  transverse  section  orprq 
tion  on  a  vertical  plane  at  right  angles  to  the  longitudinal! 
(See  Plate  V-)      In  addition  to  these  three  maps  it  mzj\ 
desirable  to  make  true  sections  at  special  points,  and  lA 
times  a  separate  map  of  the  surface  survey  Is  made,  ahho( 
this  is  usually  combined  with  the  plan.     The  maps  shouldi 
a  title  giving  the  name  of  the  mine  and  location  by  mil 
district,  county,  and  State  ;  also  there  should  appear  the 
of  the  surveyor,  date  of  survey,  meridian   used,  and 
The  map  should  be  on  clotlvbacked  paper  or  tracing  di 
and  may  show*  on  the  plan  the  position,  number,  and  elev^ 
of  the  permanent  stations  with  the  bearing  and  length  of 
lines  joining  them,  or  the  coordinates  of  the  stations,  ac 
ing  to  the  system   used.     The  advisability  of  showing  ti 
data  on  the  map  depends  on  the  use  that  is  to  be  matl^ 
them  and  must  be   decided   according  to  the  nature  of 
case. 

It  is  often  a  good  plan  when  the  different  levels  of 
mine  are  in  nearly  the  same  vertical  plane  to  plat  them  ini 
inks  of  different  colors,  in  order  to  prevent  confusion. 
Plate  V.)  There  is  an  objection  to  this  when  blue  prints 
to  be  made,  that  the  colored  inks  do  not  print  well,  \ 
number  and  arrangement  of  the  maps  vary  greatly  amon^ 
different  surveyors  even  when  the  same  conditions  are  to 
fulfilled.  A  very  convenient  way  of  making  the  maps  is  to  1| 
a  main  map  on  heavy  paper  on  which  all  the  workings^ 
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platted  and  kept  up  to  date;  a  trac- 
ing is  made,  and  kept  up  with  the  main 
map,  from  which  blue  prints  can  be 
taken  as  desired.  The  scale  used  va- 
ries from  10  to  200  feet  per  inch,  de- 
pending on  the  extent  of  the  workings 
and  the  use  to  which  the  maps  are  to 
be  put.  A  very  common  scale  for 
working  maps  of  the  metal-mines  in 
Colorado  is  20  feet  to  I  inch.  Such  a 
map  should  be  accurately  drawn,  the 
angles  being  laid  off  by  means  of  a  large 
metal  protractor  or  by  latitudes  and 
departures,  natural  tangents,  chords, 
etc.  It  can  then  be  used  as  an  exact 
check  on  all  work  and  calculations  ;  the 
distances  scaled  off  will  be  close  enough 
for  running  air  connections  and  for  use 
in  problems  of  similar  importance. 

Where  the  workings  are  very  ex- 
tensive the  use  of  coordinates  in  plat- 
ting and  in  keeping  the  records  may  be 
advisable.  In  such  a  case  the  simplic- 
ity and  regularity  of  the  method  gives 
it  a  great  advantage.  It  also  allows 
of  using  the  formulae  of  analytic  geom- 
etry in  the  solution  of  problems. 

The  coordinate  method  is  used  in 
the  big  mines  of  South  Africa  not  only 
on  account  of  the  advantages  men* 
tioned,  but  also  because  the  maps  that 
.  must  be  filed  with  the  officiah  at  stated 
intervals  are  required  to  be  platted  in 
this  way,  each  point  being  given  by  its 
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X  and  J' coordinates  in  metres.  The  reduction  of  thcnotcij 
should  be  in  a  book  kept  for  that  purpose  and  may  bt ' 
arranged  soinewhat  as  shown  on  p.  391, 

To  explain  the  method  of  constructing  the  maps,  let  ^-l-^J 
Fig*  97i  be  any  course  whose  length,  azimuth,  and  angle 

depression  are  known.    For  the] 
plan  multiply  the  length  A-BX 
the   cosine  of  the  vertical  ang 
which  projects  it  into  the  leng 
0-B  in  the  figure.     Suppose! 
plane  of  the  longitudinal  sectioij 
has   the  direction   O-L^   mak 
a  known  angle  with  the  meridi; 
Change  the  bearing  of  the  tour 
so  as  to  refer  to  O-L  as  a  mc 
dian*     Now  the  latitude  of  A-l 
the  course  as  it  appears  in  ti 
longitudinal  section*  will  be  A- 
the   difference  in    elevation 
tween  A  and  B^  and  the  departure  O-L^  the  projection  of  0-B  \ 
upon  the  assumed  plane.     In  the  same  way  it  is  evident  ibat 
A-T  is  the  course  as  it  appears   in   the  transverse  section, 
and  that  it  is  given  by  its  projections  >3-C,  the  difference  in  \ 
elevation  of  the  two  stations,  and  0-T,  the  projection  of  ^^1 
upon  the  assumed  plane.     The  student  could  readily  compute  f 
these  values  from  the  given  data. 

274/,  The  Problems  of  Underground  Surveyini^. — Fir  A 
To  make  a  connection,  i.e.,  to  find  the  bearing  of  a  line  joinin 
two  given  points  and  the  horizontal  distance  and  diffcrenc 
in  elevation  between  them.  This  is  one  of  the  most  importafl 
problems,  as  it  includes  all  cases  where  connections  are  to 
made  from  one  part  of  the  mine  to  another  by  sinking  shafts 
or  driving  cross-cuts,  winzes,  etc,  along  the  course  figur 
and  it  requires  more  accuracy  than  is  necessary  for  mapping 
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purposes.  This  problem  can  always  be  solved 
lenever  it  is  possible  to  run  a  traverse  from  one 
t  to  the  other,  no  matter  how  devious  or  round 
route  taken.     For  on  reducing  the  traverse  lines  and 

the  lost  line  the  bearing  and  horizontal  projection 
lired  line  are  known,  while  the  difference  in  eleva- 
two  known  points  gives  the  other  projection,  and 
'ly  the  grade  between  the  points.  If  this  principle 
■odf  the  surveyor  can  turn  attention  to  the  real  dif- 
hc  liability  to  error  brought  about  by  the  necessity 
md  steep  sights,  the  interference  of  %irater,  bad  air, 
lack  of  light,  and  the  cramped  places.  The  young 
.  advised  in  such  a  case  to  pick  out  the  most  un- 
;hts,  assume  a  probable  error,  and  figure  out  what 
it  would  make  in  the  connection*  If  not  an  allow- 
the  survey  should  be  gone  over  with  more  care  if 
id  in  any  event  getting  average  values  that  should 
:he  truth, 

uch  stress  cannot  be  laid  on  the  importance  of  the 
exercised  in  running  connections,  as  there  is  nothing 
J  surveyor's  reputation  depends  on  more  directly 
niform  success  in  this  matter.  In  fact,  a  failure  in 
*  may  involve  a  large  loss  to  his  employer,  or  if  he 
teed  the  work  the  cost  comes  out  of  his  own  pocket 
ler  hand  an  error  in  many  cases  cannot  be  remedied, 
in  a  permanent  injury  to  the  mine. 
h :  Skmving  the  Metiwd  of  Making  an  Underground 
— It  is  required  to  give  points  in  cross-cut  on  second 
art  a  vertical  upraise  to  connect  with  shaft  at  first 
I  method  is  as  follows:  Set  up  in  the  cross-cut  on 
,rcl  and  carefully  tie  in  two  corners  of  the  shaft  and 
;ion  (2)  in  the  level,  thence  to  station  (3)  at  the  top 
EC,  then  down  the  winze  and  along  the  second  level 
s-cut,  and  thence  to  the   breast  of  cross-cut.      Per- 


manent  points  are  put  in  here :  station  (7)  near  the  brcas^ 
station  (6)  further  back     These  points  will  serve  to  oricn 

for  the  latter  work.     Plat 
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data  thus  obtamed  and  fiad 
much  further  thecrosscut  5] 
be  run  and  where  the  stat 
to  be  cut  Calculate  a  tn 
from  one  corner  of  the 
to  station  (7),  and  the  be 
and  length  of  one  side  o 
shaft.  When  the  station 
been  cut  out  set  a  point  fc 
corner  of  the  shaft  from  si 
(7);  as  figured  then  froit 
corner  the  points  for  the 
corners  of  the  shaft  may  I 
A  satisfactory  way  of  esta 
ing  these  corners  is  to  set  wi 
plugs  in  holes  in  the  rock  \ 
with  nails  to  mark  the 
points.  Plumb-lines  can  b 
pended  over  these  naik  an 
upraise  thus  kept  in  line 
should  be  distinctly  stated  n 
er  the  points  given  arc  inst 
outside  the  timbers.  Genen 
is  best  to  put  them  Insidi 
cut  out  as  much  more  as 


st^ 


Fig,  ^. 

timbers  and  let  the  miners 
sary. 

The  difference  in  elevation  between  the  top  of  the  si 
the  end  of  the  cross-cut  and  the  bottom  of  the  shaft  wil 
the  length  of  the  upraise.  Great  care  must  be  taken  irt 
work  if  the  shaft  is  to  be  timbered  up*  Timbering  both  \ 
in  a  shaft  is  to  be  avoided  if  possible,  because  an  erroj 
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Or  three  inches  at  the  point  of  meeting  is  bad,  whereas  if  not 
timbered  until  connection  is  made,  that  error  would  not  be 
inaterial  on  account  of  the  leeway  that  must  be  allowed  for  the 
timbers. 

In  case  it  is  required  to  run  a  drift  in  a  certain  direction  for 
^  connection,  two  plugs  on  the  line  will  be  a  good  guide  for 
^he  miners.  If  plumb-lines  are  hung  on  these  plugs,  the  line 
^^c^y  be  followed  fairly  well. 

Second.   To   establish   property   lines   underground.     This 

l^Toblem  is  probably  of  more  frequent  occurrence  than  any 

^ther,  and  is  also  very  important.    In  many  cases  the  boundary 

line  passes  through  a  rich  ore-shoot,  and  the  necessity  for  care 

i^  establishing  it  may  be  readily 

5ieen.     It  is  not  uncommon   for 

^iich   a  line  to    be    determined 

Underground  by  a  joint  survey 

conducted  by  the  surveyors  of 

the  adjoining  properties.     The 

following    example     will     serve 

to     illustrate    the     method     of 

solution. 

It  is  required  to  establish  un- 
derground the  line  joining  Cor. 
No.  I  with  Cor.  No.  2.  This 
may  be  done  as  follows :  Deter- 
mine the  course  of  the  line  and 
run   from   the    corner  or   some 


Fig.  99. 

convenient  point  on  the  line  to  the  shaft,  thence  down  to  the 
level  by  the  most  convenient  method,  in  this  example  by 
plumb-lines.  From  the  station  at  the  bottom  of  the  shaft  run 
out  the  drift  to  station  105,  and  from  this  station  take  the 
bearing  of  the  drift  toward  the  line.  Now  calculate  from  the 
traverse  a  direct  course  from  Cor.  No.  i  to  station  105.  Having 
calculated  the  length  and  bearing  of  this  line,  and  observed  the 
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bearing  of  the  boundary  line  and  of  the  drift,  solve  a  triangk 
which  will  giv^G  the  distance  from  station  105  to  the  bouiidar)* 
line*  If  it  is  desired  to  have  the  exact  point  marked,  a  plug 
may  be  put  in  on  line.  Sometimes  the  line  cuts  dtagonalty 
across  the  drift,  or  in  any  case  where  there  is  room  enough  it 
may  be  desirable  to  set  up  over  the  station  on  line  and  place 
two  plugs  or  marks  on  the  boundary  line,  one  in  each  wall 

Third.  To  find  the  bearing  and  lengtli  of  a  line  to  intersect 
a  vein  of  known  dip  and  strike.  This  includes  problems  in- 
volving the  consideration  of  the  vein  as  a  plane  with  a  known 
dip  and  strike.  This  class  of  problems  can  generally  be  solved 
only  for  approximate  results,  because  it  is  very  rarely  that  a 
vein  is  a  true  plane,  as,  even  when  not  faulted,  the  variations 
from  a  constant  dip  and  strike  may  be  considerable.  It  can 
only  be  said  in  such  cases  that  if  the  vein  continues  on  a  con- 
stant strike  and  dip  it  will  be  intersected  at  a  certain  point 
Although  this  uncertainty  exists,  it  is  nevertheless  most  im- 
portant to  know  at  what  point  to  expect  the  vein. 

As  an  example,  let  it  be  required  to  find  the  distance  that 
the  tunnel  (i)  to  (2),  Fig,  100,  must  be  run  to  intersect  the 
vein  {3)-(4)-^-r,  there  being  ati  incline  at  (3)  and  an  outcrop  of 
the  vein. 

Set  up  at  station  (i)  and  sight  to  (2) ;  this  determines  the 
bearing  required.  Run  a  traverse  to  station  {3)  at  the  incline 
and  find  tlie  dip  and  strike*  of  the  vein,  then  calculate  the 
closing  h'ne  from  (i)  to  {3)  and  solve  a  triangle  for  the  horiioji' 
tal  distance  from  (3)  to  (4),  this  latter  being  the  point  where  a 
vertical  plane  through  the  tunnel  cuts  the  outcrop  or  strike  of 
the  vein,  on  the  surface,  and  from  (i)  to  (4),  If  the  point  (4) 
is  found  on  the  ground  and  the  difference  in  elevation  between 
it  and  station  (i)  determined,  the  required  length  is  calculated 

*  The  dip  is  the  steepest  mcUnation  nf  the  plane  of  the  vein  to  the 
horiJEon,  and  the  strike  is  the  horizontal  direction  of  its  o^tc^op  upon  the 
surface. 
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as  follows  :  Assume  the  tunnel  is  honzontalp  then  the  distances 

a  to  (4)  and  a  to  (i)  are  known,  {a)-u  bein^  a  vertical  line,    ■ 

A    plane  passed    through    a-{4)  and    perpendicular    to    the 


VEflTJCAt  SECTION  ON  trwe  OF  TUNNEL 

plane  of  the  vein  intersects  it  in  the  line  *-{4)t  and  intersects 
the  horizontal  plane  through  the  tunnel  in  a-b.  Having 
(i-(4),  solve  a  right  triangle  for  n-ii,  the  acute  angle  being 
po^^the  dip  ;  then  solve  the  right  triangle  abc  for  ac,  the 
acute  angle  fi,  being  the  angle  between  directions  of  strike  and 
tunnel;  then  ac  ^  a{2)  is  the  distance  the  tunnel  is  to  be 
driven.  If  it  is  driven  to  grade,  it  can.  easily  be  figured  what 
difference  in  length  would  result*  When  it  is  required  to  drive 
a  tunne!  at  right  angles  to  the  strike  of  the  vein,  i.e,,  to  run 
the  shortest  tunnel  from  a  given  point  to  intersect  a  given 
vein,  the  above  solution  becomes  much  simpler* 

2741/,  Surface  Surveys,^lt  is  always  necessary,  or  at  least 
desirable,  to  verify  and  tie  in  the  monuments  that  mark  the 
boondaries  of  the  mining  property,  and  to  establish  the  true 
meridian  very  carefully,  at  a  point  convenient  for  connection 
with  the  underground  surveys.  If  expensive  plants  are  to  be 
erected,  it  may  be  advisable  to  make  a  topographical  survey 
with   transit  and  stadia  for  the  purpose  of  locating  shafts, 


39S 


SUMVMYING. 


buildings,  dumps,  streams,  etc,  together  with  the  contour  line 
and  any  important  geological  features. 

Sometimes  the  traverses  of  underground  surveys  must  be  | 
iplicated  on  the  surface  to  find  the  exact  relation  of  under- 
round  work  to  the  surface.     This  is  in  case  a  topographical  J 
survey  has  not  been  made,  or  when  exactness  is  required 

274;*.  Court  Maps* — This  name  is  one  given  to  maps  that] 
are  to  be   used  as  evidence   in  court    in    a    mining  lawsuit, 
When  the  maps  are  used  in  this  way  the  surveyor  is  generally  1 
called  upon  to  verify  the  map  in  court.     Court  maps  may  be  j 
classified  according  to  issues  involved* 

First.  When  the  case  is  to  determine  the  ownership  of] 
ground,  as  in  an  adverse  suit,  the  map  usually  shows  the  sur*| 
face  ground  of  the  claim  m  dispute,  the  position  of  workings, ' 
and  any  point  that  may  have  a  bearing  on  the  case,  but  ordi- 
narily there  is  no  need  of  showing  the  underground  workings. 
These  maps  should  be  accurately  made  and  drawn  to  a  fairly 
large  scale,  and  the  desired  special  points  should  be  distinctly 
brought  out  so  as  to  be  clearly  understood  by  a  jury, 

Stcomt  When  the  suit  is  to  determine  the  ownership  of 
veins,  etc.,  as  in  the  endless  variety  of  apex  suits  of  which  the 
mining  laws  of  the  United  States  are  so  fruitful  a  cause.  In 
this  case  it  is  necessary  to  sho%v  the  boundary  lines  and  all  the 
underground  workings  that  have  any  bearing  on  the  qneslion 
at  issue.  It  is  often  necessary  to  construct  a  number  of  cross- 
sections  to  show  the  continuity  of  the  vein  or  the  reverse.  In 
this  class  of  work,  especially  in  important  cases,  large  sums  of 
money  are  spent  on  the  surveying  and  mapping  of  the  prop- 
erties. No  exact  rule  can  be  laid  down  for  this  kind  of  work, 
as  the  conditions  vary  so  widely,  but  the  surveyor  should  in  all 
cases  study  thoroughly  the  problem  in  hand  so  that  the  maps 
may  be  made  to  show  clearly  the  matters  in  dispute. 
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DEFINITION   OF   MINING  TERMS. 


A  horizontal  drift  or  passage  underground  opening  from  the  sur- 
face. 

P€X.  Tbe  top  of  a  vein*  usually  where  it  outcrops  qn  the  surface, 

'0ss-nti.  A  passat^e  or  tannel  driven  across  the  course  of  the  vein. 

ifi.  The  angle  the  plane  of  the  vein  makes  with  the  horizontal. 

n//.  An  underground  passage  driven  along  the  vein. 

c/iJtfr.  Applied  to  a  passage  having  a  more  or  less  fixed  inclination 
from  the  horizontal  ■  a  slope. 

*v^I.  One  of  a  number  of  horizontal  passages  along,  or  parallel  to,  the 
deposit,  and  placed  at  more  or  less  fixed  intervals,  generally  loo  ft,^ 
for  the  systematic  working  of  the  mine. 

am^^/f,  A  small  passage  from  a  i^vei  into  s topes  or  to  the  ne3Et  laurel 
above. 

iii-hi^le.  A  passage  left  from  stapt  to  level  for  dropping  down  ore  or 
rock. 

ttcrof*.  That  portion  of  the  vein  intersectinjj  the  surface, 

aft,  A  hole  sunk  more  or  leas  vertically  downward. 

s»/>^.  The  workings  above  or  below  the  levels  where  the  mass  of  the 
ore-body  is  broken. 

rike.  The  direction  taken  by  the  intersection  of  the  vein  with  a  hori- 
zontal plane. 

uih.  Cross-timbers  between  the  walls  of  the  excavation. 

mp.  An  opening  at  bottom  of  shaft  or  at  any  level  for  the  collection 
of  water. 

iftnei.  A  horizontal  passage  from  the  surface;  properly  speaking  it 
should  be  open  at  both  ends,  but  it  is  not  always  so  used  in  mining, 

Vj*^/,  a  shaft  sunk  from  a  level. 

A  shaft  excavated  upwards  from  below* 
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275,  Land-surveying:  Methods  inadequate  in  City  Work 

^Thc  methods  described  iu  the  chapter  on  Land-surveying 
are  inadequate  to  the  needs  of  the  city  surveyor.  The  value 
of  the  land  involved  in  errors  of  work,  with  such  a  limit  of  er- 
ror as  was  there  found  practicable  (see  art,  180),  is  so  great  as 
to  justify  an  effort  to  reduce  this  limit.  Comparing  the  val«c 
of  a  given  area  of  the  most  valuable  land  in  large  cities  with 
the  value  of  a  like  area  of  the  least  valuable  land  which  a  sur- 
veyor  is  ever  called  upon  to  measure,  the  ratio  is  more  thani 
miJlIon  to  one. 

This  view  is  emphasized  by  the  manner  of  use.     On  fami 
lands  the  most  valuable  improvements  are  placed  far  within 
the  boundary  lines,  but  the  owner  of  the  city  lot  is  compelb 
by  his  straitened  conditions  to  place  the  most  cost ty  part 
his  improvements  on  the  limit-line.     His  neighbor*s  wall  abu5 
against  his  own.     The  surveyor,  who  should  retrace  this  Um 
and  make  but  a  small  difference  of  location^  would  get 
clients  and  himself  into  trouble.     Both  the  value  of  the  land' 
and  the  manner  of  its  use  demand  increased  care.     The  modi- 
fications of  the  methods  used  in  land-surveying  to  rticct  the 
requirements  of  \vork  in  the  city  will  be  treated  in  this  chapter. 
Much  of  the  work  described  furnishes  data  for  the  solution  of 
engineering  problems,  but  the  obtaining  of  the  facts  falls  efl- 
tirely  within  the  definition  of  surveyors  work. 

•  Thh  chapter  wriiten  by  Wm.  Bouton,  C.E  ,  City  Surreyo^,  St.  Louis.  Mo 
See  fllst*  Appcr>dix  G. 


276.  The  Transit  is  used  exclusively,  but  the  common  pat- 
ten may  be  very  materially  modified  with  obvious  advantage. 

^^^^itig  that  the  magnetic  needle*^  is  never  precise  and  seldom 
Correct,  it  should  be  wholly  discarded  in  the  construction  of 
*^^  nty  surveyor's  transit.  The  verniers  can  then  be  placed 
*»^€ier  the  eye,  the  bubbles  can  be  removed  from  the  standards 
^*^ci  placed  upon  the  plate  of  the  alidade,  and  the  standards 
^''cmselves  can  be  more  firmly  braced.  By  these  changes  a 
'^^adier  and  more  convenient  instrument  is  secured,  when  the 
'selt^ss  and  somewhat  costly  appendage  of  a  needle-box  is  out 
►f  the  way.  The  adjustable  tripod  head  and  the  levelling 
•-titachment  are  always  convenient.  For  topographical  work* 
lie  vertical  circle,  or  a  sector,  and  stadia  wires  are  essential, 
otherwise  the  nnethods  used  must  be  primitive.  The  ther- 
ometer  which  ts  needed  in  order  to  make  the  proper  correc- 
ions  for  temperature  may  be  conveniently  attached  to  one  of  the 
tandards  facing  the  eye-piece  of  the  telescope.  The  danger 
^f  breaking  the  tube  while  handling  the  instrument  may*be 
obviated  by  a  guard  sufficiently  deep  to  protect  the  bulb,  made 
^pen  on  the  side  toward  the  observer, 

277,  The  Steel  Tape  is  generally  used  for  measuring.  The 
Wgal  ma>£im  that  '-distances  govern  courses/*  when  interpreted, 
tneans  that,  using  customary  methods,  the  intersection  of  two 
arcs  of  circles*  centres  and  radii  being  known,  is  a  more  definite  lo- 
cation of  a  point  than  the  intersection  of  two  straight  lines  whose 
origin  and  direction  are  likewise  known.  The  fact  is,  the  inter- 
sections are  not  more  definite.  The  maxim  grew  into  autliority 
ttrhen  the  compass  was  pitted  against  the  chain*  With  the 
transit  to  define  directions  of  courses,  and  the  chain  still  to 
measure  the  distances,  such  a  maxim  would  not  have  voiced 
the  results  of  experience,  but  would  have  been  sheer  nonsense* 

*  The  ficedlc  fitids  its  proper  place  where  checks  are  not  so  abundant,  and  iti 
ciitsscs  of  work  in  which  a  close  and  rapid  approximation  is  of  more  value  than 
oreclsion^ 
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Tlie  ordinary  chain  has  too  many  gaping  links*  and  the  br, 
chain  too  many  wearing  surfaces,  to  be  kept  in  very  close  a4 
justment  to  standard  length.  Its  weight  is  such  as  to  makctbjj 
•*  normal  tension*' (see  p.  392)  impracticable ;  hence  the  cflcci 
of  slight  variations  of  pull  is  much  more  marked  than  if  M 
tape  is  used.  Graduated  wooden  rods  were  used  until  l86ot<ll 
1 8  ;o.  T h ey  w e  re  u  n  w  i e  1  d  j'  \v  h  e  n  t  w e n  ty  f ee  t  long,  and  wm 
still  so  short  that  the  uncompensated  part  of  tiieir  cooipeiv 
sating  errors  was  a  matter  of  considerable  moment.  Eve 
time  the  pin  i^i  stuck  or  a  mark  made  at  the  forward  end  of  tij 
tape  or  rod,  the  work  is  a  matter  of  skill  and  involves  an  en 
dependent  on  the  degree  of  skill  attained.  When  the  measuiil 
is  brought  forward,  its  proper  adjustment  in  the  new  posifio^ 
is  a  matter  requiring  skilL  These  errors  are  compensatingibii 
the  resultant  is  not  zero.  The  use  of  the  plumb-line  is  anorhe 
source  of  compensating  errors  which  are  reduced  by  an  incia^ 
of  length  in  the  measure.  First,  the  number  of  applicatiofli 
varies  inver.sely  as  tire  length  of  the  measure;  second,  using  th 
rod»  it  was  necessary  to  work  to  the  bottom  of  ravines  and  gtil| 
lies  and  then  work  up  again  :  now  the  long  tape  span^  them  J 
a  single  application.  The  minus  errors  due  to  imperfect  alig 
ment  and  inaccurate  levelling  of  the  tvvo  ends  have  a  grcal«j 
percentage  of  effect  when  the  measure  is  short  than  when  it 
long.  The  longer  tape  brings  with  it  some  other  source«^( 
erron  When  used  suspended  at  the  ends  there  is  a  mitiu 
error  on  account  of  the  sag  of  the  intermediate  parts»  and  aj 
plus  error  from  elongation  due  to  tension  ;  there  is  also  expa 
sion  by  heat,  which  produces  an  error  which  maybe  plo& ' 
minus  as  the  temperature  at  the  time  and  place  is  above  4 
below  that  for  which  the  tape  is  tested.  The  effect  of  sag 
increases  very  nearly  as  the  cube  of  the  length  when  the  ten- 
sion is  constant.  When,  to  counteract  this  increase,  the 
pull  is  made  greater  than  a  man  can  apply  uniformly  under 
all  conditions — at   his   feet    or  above   his  head— there  come 
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^gularities  from  this  cause.  The  limit  of  length  of  tape 
ich  It  Is  practicable  to  use  will  be  determined  by  the  condi- 
ns  of  the  work,  and  should  be  such  that  the  increase  of 
gth  involves  greater  error  than  it  eliminates.  On  account 
convenience  in  keeping  tally,  50-foQt  and   100-foot  lengths 

generally  used.  In  a  level  country  the  J  00-foot  tape  is 
tf erred. 

There  are  tapes  made  with  the  purpose  to  eliminate  the 
ors  which  arise  from  the  free-hand  pull,  the  inclination  of 
tape,  and  the  temperature.  They  carry  a  spring  balance, 
bubble  adjusted  to  the  desired  pull,  a  thermometer,  and  a 
:ans  of  adjusting  the  length  to  the  given  pull  and  tempera* 
'e.  The  effort  is  laudable :  but,  probably  on  account  of  the 
raber  and  form  of  the  wearing  surfaces,  they  have  not  yet 

tith  general  favor.     Further  progress  may  be  made  in  this 
ion. 


m  LAYING   OUT  A   TOWN   SITE,* 

278.  Provision  for  Growth. — Cities  grow.  It  is  very  rare 
It  the  considerations  which  should  have  governed  have  been 
^en  any  place  in  determining  upon  the  plan  of  the  ori|^inal 
vn.  The  considerations  first  in  importance  are  topographi- 
,  What  are  the  natural  lines  along  which  business  will  tend 
distribute  itself?  To  what  form  of  subdivision  can  it  adapt 
;lf  with  the  least  resistance?  Where  is  the  best  harbor, 
lake  or  river  front,  or  the  railway  line?  Ordinarily  the 
d  immediately  adjoining  such  natural  features  is  not  best 
d  when  used  as  a  street,  but  when    occupied  by  private 


•■  For  ptinciplcii  governing  the  laying  out  of  new  dlies,  sec  a  valuable  papct 
led  PrtuSicni  &mi  ^Eifhriic  PrihdfifS  for  f/tt^  I^yiffg  Out  t'/  Ctttfs,  by  J. 
befit  C^iim  rtj lesion ef  of  Public  Rutldrnjis  and  Assistant  Burgomaster,  Dilrigne, 
nariy  I  t^std  before  th^  World's  TvngineL-ring  Congress  at  Chlcji^Oi  iSgj,  and 
^ed  ui  the  Irani,  Am.  «Sir.  Civ.  Eng*,  to],  xzix.i  p>  63a. 
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docks,  or  along  a  railway  by  warehouses  and  factories  having 
switching  facilities   without    crossing    public     streets.      Tk 
streets  parallel    to    such   lines  should   be   of    annple  widtli, 
easy  grade,  and  continuous  but  not  necessarily  straight  align* 
ment.     Much  of  the  heavy  hauling  wilt  be  along  sach  streeU, 
In    the   business  part   of   the   town    the  cross-streets   sho*jild 
be  so   frequent  as  to  make  the  blocks  approximately  square. 
In  the  residence  portion  alternate  streets  in  one  direction  mi] 
with  advantage  be  omitted;  this  saves  the  expense  of  unneD 
sary  streets,  and  permanently  lightens  the  burden  of  taxatioi 
Which  fronts  are  on  all  accounts  most  desirable  in  the  pii 
ticular  locality  will  determine  in  which  direction  the  bloci 
should  be  longest. 

279.  Contour  Maps*— Another  phase  of  topography  d^l 
mands  attention.  The  sites  of  suburban  tow*ns  may  generally] 
be  best  handled  by  laying  out  streets  and  lot  lines  in  confomfiitfi 
to  the  undulations  of  the  ground.  Additions  to  the  city  may] 
also  have  characteristic  features  that  can  be  preserved  with 
advantage.  For  all  such  cases  a  contour  map  is  very  useful 
to  one  who  is  able  to  interpret  it.  The  making  of  all  ihtj 
ground  available,  and  sightly  points  accessible,  and  at  the  samti 
time  so  locating  the  streets  as  to  secure  economical  grades,— in 
short,  the  judicious  handling  of  the  whole  subject  is  facili-- 
tated  by  the  study  of  the  contour  map. 

280.  The  Use  of  Angular  Measurements  in  Subdifi- 
SiOnS*— Shall  subdivision  lines  be  located  by  an  angle  with  llie 

street  on  which  the  lots  front  or  by 

distances  from  the  next  cross  street ?| 

Must  distances  govern  courses»wha1 

ever  methods  are  used  ?    Let  us  su| 

pose,  for  illustration,  that  it  is  re-j 

quired  to  locate  lot  9  in  the  accoi 

panying  sketch  (Fig.  102)*     Suppose, 


% 


Fig. 


farther,  that  it  is  possible  to   measure  each  of  the ^  lines  tft 
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and  dc  with  a  maximum  error  of  I  in  5000  and  that  the 
conditions  are  such  as  to  produce  opposite  errors  in  the 
two  lines.  Then,  1st,  the  resulting  error  in  locating  the  line 
bc^  i.e.  (ab  —  dc)  will  be  ^^  X  400  X  2  =  o,  16  feet.  The 
fine  of  the  angle  by  which  the  angle  A'  differs  from  A  will  be 
<^=  ,00107,  Hence  the  change  of  direction  on  account  of 
the  errors  in  measurement  is  3I  minutes.  2d,  the  line  e/ 
must  be  distant  from  17*  3f  X  150  feet  =  550  feet,  in  order 
that,  under  like  conditions,  if  it  is  measured  instead  of  dc,  the 
change  in  direction  shall  not  exceed  one  minute-  Or  tiie  loca^ 
tion  may  be  made  by  measuring  the  line  ab,  or  a  line  near  to 
it  where  favorable  conditions  exist,  and  then  repeating  ba 
the  same  man  being  fore-chainman ;  the  principle  of  reversal 
is  thus  applied  to  this  measurement*  Then  measuring  A'  =  A 
and  repeating  the  angle,  reading  both  verniers,  the  error  is 
brought  within  the  maximum  error  in  the  pointing  power  of 
the  instrument*  In  order  to  locate  be  from  ab  parallel  to  ad^ 
two  monuments  marking  the  line  ab  need  to  be  known.  The 
other  method  requires  also  a  monument  locating  the  line  at. 
It  thus  appears  that  when  the  side  lines  of  lots  are  located 
perpendicular,  or  at  any  other  known  angle  with  the  street 
upon  which  the  lot  fronts,  it  is  susceptible  of  more  accurate 
location  than  by  two  (front  and  rear)  measurements,  unless  the 
usual  limit  of  error  can  be  greatly  reduced.  While  it  is  not 
likely  that  maximum  errors  of  opposite  character  will  fall  to- 
gether afifecting  the  work  on  the  same  lot,  it  is  quite  as  im- 
probable that  the  maximum  error  in  measuring  an  angle 
should  vitiate  the  work  of  the  transit.  It  is  probably  quite  as 
easy  to  reduce  the  maximum  error  in  measuring  an  angle  to 
half  a  minute  as  it  is  to  keep  the  maximum  error  in  measur- 
ing distances  down  to  i  in  10,000. 

38I-  Laying  out  the  Ground^— The  work  of  putting  the 
plan  upon  the  ground  i^  a  very  important  one.     This  i^  about 


•  S^  Apfieadix  K,  on  Cily  fttitl  Village  Hats  in  Michigan. 
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the  worst  possible  place  to  do  hurried  and  inaccurate  work 
Fences  or  other  styles  of  marking  possession  which  limit  the  | 
contour  map  cannot  be  relied  upon  as  defining  the  property* 
lines.     These  lines   must  be  accurately  located   in  relation  Ia] 
tlie  streets  of  the  town  or  of  the  addition,  in  order  to  muke] 
practicable  such  exchanges  or  sales  as  may  be  necessar)-  toad* 
just  propeity-lines   to  the   new  block-lines.     This   method  i^l 
preferable    to   that  which  adjusts  block-lines  to    the  ongmal] 
property-lines.* 

As  a  framework  for  the  whole  survey  an  outline  figure,  I 
generally  a  quadrilateral,  of  sufficient  dimensions^  and  sol 
placed  that  it  can  be  permanently  marked  with  monumentsj 
which  will  remain  accessible  when  the  town  is  built  up,  sbotild 
be  located  with  especial  care.  All  lines  should  be  measured, 
all  angles  observed,  and  all  practicable  checks  introduced.] 
This  figure  must  close  absolutely  ;  that  is,  the  record  of  thtl 
work  wlien  completed  should  be  mathematicaily  consistentJ 
Unreasonable  errors  are  to  be  eliminated  by  retracing  the  work.] 
In  the  adjustment  which  distributes  the  remaining  errors  eacllj 
part  of  the  work  should  be  weighted  (art,  174*  Rule  2)*  for  it 
is  very  rare  that  a  land-survey  is  completed  under  such  con- 
ditions that  the  man  who  does  the  work  would  be  justified, 
while  these  conditions  are  fresh  in  his  mind,  in  assuming  that 
the  probability  of  error  is  alike  at  all  points.  The  angles  ad* 
mit  of  adjustment  independently  of  the  length  of  the  lines, 
Tliat  distributian  of  the  angular  errors  which  redmis  tkeertms 
af  ftiCitSHremeni  ia  a  minimum  has  such  weight  that  it  can 
be  overruled  only  by  the  most  positive  evidence  that  the  cqp 

*  [ji  ^ome  places  this  idea  of  the  private  interest  of  the  proprfetor,  som* 
times  private  sphe,  is  carried  10  such  an  cxleni  tbJil  u  nronld  seem  that  ead 
man^s  farm  or  Barden  paich  was  especialJy  fiUed  to  be  a  lovvn  by  ^Uielf.  bK 
out  with  utlfr  dlsrej^Hrd  lo  the  towns  u  bich  oihers  are  in  like  manner  layii 
out  upon  adjacent  farms.  In  this  practice  the  tntereMs  of  the  public  iox 
lime  are  ii**glected  in  order  to  secure  a  doublful  advantage  for  one.  Where  ih 
custom  prevails  U  Is  better  honored  iu  the  breach  thfta  in  the  ob^rrance 
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rections  so  indicated  cannot  be  the  true  ones.  The  distances 
are  then  adjusted  to  the  angles  so  determined.  The  re- 
w^ainder  of  the  work  of  the  subdivision  is  checked  upon  the 
adjusted  outline,  reasonable  errors  being  distributed  and  un- 
Teasonable  ones  retraced. 

282.  The  Plat  to  be    geometrically    consistent.-— The 
necessity  that  the   recorded   plat  should  be  consistent   lies  in 
k    the  use  that  is  to.be  made  of   it.     A  parcel    of   ground    de- 
-  scribed  by  reference  to  the  plat  of  record  should  have  but  one 
location,  not  any  one  of  two  or  more  possible  locations,  as  is 
'the  case  when  the  plat  contains  errors  on   its  face.     In   the 
Course  of  years  the  lines  of  such  parcels  will  be  retraced  proba- 
bly many  times,  at  onetime  by  one   method,  at  another  time 
^*y  another  equally  in  accord  with  the  plat.     If  the  plat  is  not 
Consistent    with    itself    and   with    the    monuments    upon  the 
ground,  this  error  will  be  pretty  sure  to  find  its  way  into  the 
*Ot  location.     When  the  fault  is  with  the  plat,  it  matters  not 
J^ow  the  monuments  are  placed  upon  the  ground  ;  they  cannot 
^ark  the  chief  points  and  all  agree  in  such  a  way  that  if  any 
two  remain  and  the  others  are  lost  the  relocation  will  in  every 
Ca.se  be  the  same.     But  this  is  just  what  the  plat  is  for — to 
Diake  a  public  record  of  the  relation  of  each  part  of  the  sub- 
division to  every  other. 

283.  Monuments.'*' — How  many  monuments  shall  be  lo- 
cated, and  where  shall  they  be  placed  ?  What  material  shall 
be  used  and  how  set?  Answering  the  first  question,  it  is  plain 
that  no  more  work  should  be  attempted  than  can  be  done  well. 
Better  one  point  and  an  azimuth  than  points  everywhere  and 
no  two  agreeing  either  in  distance  or  direction  with  the  rela- 
tion described  by  the  plat.  But  so  much  should  be  done  well 
that  the  labor  of  locating  any  point  in  the  subdivision  from 
existing  monuments  shall  not  be  excessive.  The  points 
chosen  for  placing  monuments  should  be  such  as  will  continue 
to  be  accessible  and  will  not  be  ambiguous.  The  centre  lines 
*  See  also  Arts.  159,  160,  161,  and  194  in  chapter  on  Land  S\iiv^^\Tk\^, 
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of  intersecting  streets  arc  sometimes  marked,  giving  one  monu  J 
ment  to  each  intersection  ;  others  choose  the  side-Hnes»  givmg j 
four  monuments  to  each  intersection  of  streets.  If  the  blockij 
are  so  long  that  intermediate  points  are  desirable,  points  oftl 
the  ridges  should  be  selected. 

Stone  is  more  often  chosen  than   any  other  material;  iron^ 
bars,   gun-barrelsi  gas-pipe»  eta»  are  sometimes  used,  driven 
with  a  sledge  ;  cedar  posts,  say  4'^  X  4*.  ^^^  quite  durable,  and 
hard-burned  pottery  is  sometimes  used.     Whatever  materialj 
is  chosen,  the  foundation,  which  should  be  flat— *not  pointed—] 
must  reach  below  frost;  and  the  centre  of  gravity  is  kept  as  low 
as  possible,  so  that  there  shall  be  no  tendency  to  settle  out  ofi 
place  when  the  ground  is  soft  in  the  spring.     When  the  topsj 
are  much  above  the  surface  of  the  ground,  there  is  a  liability 
that  they  may  be  displaced  by  trafRc,     Probably  the  surveyor^ 
does  not  see  any  traffic,  or  the  prospect  of  it,  when  he  is  doin^ 
his  work,  but  the  traffic  must  come  before  the  work  of  th<{ 
monument  can  be  spared.     It  is  better  to  bury  the  stone  wholly' 
and  indicate  where  to  dig  for  it  by  bearings  than  to  run  thCj 
risk  of  losing  the  whole  work  through  indiscretion  in  placing 
the  monument  that  marks  it.     In  situations  where  every  rain 
storm  produces  a  slight  fill  it  is  safe  to  place  the  top  consider- 
ably  higher  than  would  otherwise  be  reasonable.     The  stones 
to  be  set  are  so  placed  in  the  excavation,  with  the  heavy  end 
dcn-vn^  that  when  the  top  is  in  the  proper  position  and  before  any 
earth  is  refilled  there  Is  no  tendency  to  fall  in  any  direction  ;  then 
while  the  earth  is  being  refilled  and  thoroughly  tamped  about 
the  stone,  the  top  is  kept  in  place*     It  is  better  that  the  mark 
denoting  the  point  for  which  the  stone  stands  should  be  cut 
upon  before  it  is  placed  in  the  ground.     When  this  is  done,  si 
the  mark  is  worn  off  by  traffic  or  knocked  off  by  accident,  the 
centre  of  that  portion  of  the   stone  which   remains  is  a  very 
dose  approximation  to  the  original  point     A  slovenly  way  o( 
slighting  this  work  is  to  tumble  the  stone  into  the  excavation 
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fill  around  it  pretty  much  as  it  happens,  push  it  to  one  side  or 
another  so  thai;  the  point  will  come  somewhere  on  the  top,  and 
then  cut  the  mark  wherever  the  point  comes.  Stones  set  in  this 
way  are  liable  to  settle  out  of  place  after  the  first  heavy  rain, 
^Krhile  frost  and  rain  keep  up  their  work  till  the  stone  lies  flat  fl 
upon  its  side.  If  by  chance  it  should  keep  its  place  pretty 
vvell  and  the  mark  becomes  defaced,  it  might  as  well  be  any 
loose  bit  of  rock  as  a  set  stone,  for  its  centre  gives  no  idea  of  ■ 
Tvherc  the  mark  was  placed*  No  one  should  be  trusted  to  set 
Comer-stones  un watched  who  is  not  familiar  with  the  work 
and  thoroughly  reliable. 

Points  are  preserved  temporarily  by  wooden  stakes  driven 
flush  with  the  ground.  The  point,  preserved  by  offsets  while 
the  stake  is  being  driven,  is  marked  by  a  naih  Witness-stakes 
driven  alongside  and  standing  above  grass  and  weeds  assist  in 
finding  the  stakes  when  wanted.  Made  of  half-decayed  soft 
u^ood,  e.g.,  old  fence-boards,  such  stakes  wil!  hardly  last  a 
season ;  w^hile  durable  wood,  well  seasoned,  will  last  much 
longer  than  any  driven  stake  can  be  relied  upon,  since  it  does 
not  go  below  frost,  and  is  liable  to  be  pushed  by  a  passing 
wheel  or  be  otherwise  disturbed  when  the  ground  is  soft, 

384.  Surveys  for  Subdivision**— The  purpose  of  making  a 
survey  before  recording  a  plat  of  a  subdivision  is  twofold, — 
firsts  to  get  the  information  which  it  is  desirabJe  to  record; 
second,  to  leave  such  monuments  as  will  make  it  easy  to  locate 
any  portion  when  desired.  The  recorded  plat  should  show 
sufficient  facts  to  determine  the  relations  of  every  part  to  the  ■ 
whole,  and  these  relations  should  be  shown  by  methods  which 
involve  the  minimum  of  error,  i.e.,  giving  a  location  which  may 
be  retraced  with  least  possible  doubt.  The  current  practice  ■ 
falls  short  of  this  standard  at  some  points  which  are  worthy  of 
oote, 

{a)  Surveyors  seem  to  have  no  doubt  of  the  ability  of  their 
field-hands  to  measure  a  line»  but  very  seriously  doabt  their 
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own  ability  to  measure  an  angle.     Angles  are  measured  Juf* 
ing  the  progress  of  the  work  and  are  used  for  determining  tk- 
lengths  of  lines;   these  lengths  are  then  made  a  part  of 
record,  while  the  angles  which  determined  them  are  omiti 
Apparently  some  things  v^'hich  are   dependent   have  beci 
more  certain  and  fixed  than  that  upon  which  they  depend 
proper  record  of  angles  would  show  what  lines  arc  straiglit  afll* 
where    deflections  are  made.     Deflections  which  are  sufficiwt 
to  very  seriously  affect  the  position  of  a  hrick  wall  do  not  slio» 
on  the  scale  of  the  recorded  plat.     For  example,  an  addilioflto 
a  town  extends  from  Fifth  Street  to  Twelfth  Street:  extrefflc 
points  are  well  established,  but  intermediate  monuments  atf 
missing  \  and  it   is  required  to  establish  at  Eighth  Street  the 
line  of  a  street  which  a  ruler  applied  to  the  recorded  plat  sug- 
gests is  a  straight  line.     Custom  approves  that  in  such  a 
the  surveyor  should  try  a  straight  line,  there  being  a  mild  pi 
sumption  in  its  favor;  but  if  his  straight  line  agrees  with  <s\ 
wall  and  disagrees  with  two  walls  and  a  fence,  he  had  bettti 
look  further  before  he  comes  to  a  decision.     No  such  doul 
could  have  existed  if  the  recorded  plat  had  been  properly  ma* 

{b)  Very  few  recorded  plats  show  what   stones  have 
set  by  the  surveyor,  or  indeed  indicate  that  he  has  any  knowl 
edge  that  such  monuments  may  ever  be  useful.     If  the  cust 
were  once  established  of  noting  upon   the  record  the  locatii 
and  description  of  monuments,  any  monument  found  durini 
resurvey,  but  not  shown  on  the  record,  would  be  discredit 
As  matters  now  stand  it  must  be  proved  incorrect  to  be 
credited — a  thing  not  always  easy,  for  a  system  of  quadrila] 
cral  blocks  whose   angles  are  not  recorded  and  whose  streel 
lines  are  not  necessarily  straight  is  not  theoretically  very  ngil 

(r)  Many  plats  require  measurements  to  be  made  alonj 
lines  which  are  easily  measured  while  the  land  is  vacant,  bul 
which  will  become  inaccessible  as  soon  as  the  property  is  baill 
up.     The  obstacles  to  be  overcome  before  the  result  can   ~ 
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reached  by  the  method  described  on  the  record  will  each  add 
"to  the  doubt  of  the  accuracy  of  that  result.  There  are  many 
"^wrays  in  which  plats  are  made,  which  are  all  justly  subject  to 
"^liis  criticism.     Two  examples  will  suffice.     Irregularly  shaped 

"locks  are  sometimes  treated  as  in  the  annexed  sketch,  Fig. 

*03,    The  outline  is  subdivided  mechanically,  and  proportional 


distances  are  given  on  interior  lines  which  are  not  consistent 
"^ith  any  trigonometrical  relation  of  the  exterior  lines,  much 
^^Ss  with  that  which  does  exist  but  is  not  recorded.     The  point 
*  has  nine  distinct  locations  directly  from  the  plat.     On  the 
theory  that  ab  and  cd  are  straight  lines,  their  intersection  gives 
One;  ab  straight,  the  distances  ax  and  bx  give  each  one;  cd 
straight,  the  distances  ex  and  dx  give  two.     Combine  the  dis- 
tances ax  and  ex,  bx  and  ex,  etc.,  and  get  four  more.     But  this 
is  not  all,  for  the  point  x  stands  related  to  each  of  the  ten  other 
points  along  the  line  ab,  and  each  of  these  has  also  nine  loca- 
tions which  accord  with  the  plat,  and  our  point  x  may  be  lo 
cated  from  either  of  them  or  any  combination  of  them  when 
they  have  been  located  by  any  of  the  methods  described. 

Besides  the  difficulty  of  determining  how  interior  points 
should  be  located,  this  fan-like  subdivision  wastes  ground  in 
each  lot  which  results  in  wedge-shaped  remnants  about  the  build- 
ings, which  remnants  would  be  valuable  if  thrown  together  into 
the  comers,  thus  keeping  the  remaining  lots  rectangular  at  the 
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front*  The  attempt  to  reach  a  rectangular  front  somelii 
fails  through  inattention  to  very  simple  matters,  as  in  Fig.  lO 
Here  no  angles  are  recorded.  The  rear  corners  of  thelotsJ 
located  along  the  line  ab  by  distances  from  a  ox  b\  bull 
record-depths  do  not  fall  upon  a  straight  line*  The  Xmti 
should  bisect  the  angle  between  the  block4ines  or  be  pan 
to  such  bisection  in  order  that  with  a  constant  distance  ai( 
a&  common  to  the  series  of  lots  on  each  side  of  that  line  lid 
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angles  with  their  respective  fronts  may  remain  constant,  hi 
the  case  given  every  lot-line  has  an  angle  with  the  block  line] 
upon  which  it  fronts  different  from  that  of  every  other  iollitifJ 
and  all  dependent  on  some  block-angle  which  is  not  rccordtAj 
If  it  is  not  desirable  to  bisect  the  block  by  the  line  ah,  its  \ 
rection  may  be  chosen  as  desired,  the  distances  along  it 
fixed  by  the  fronts  on  one  and  the  angular  divergence  fn 
that  side  which  is  chosen,  and  the  lot  fronts  on  the  other 
of  the  block  must  be  correspondingly  increased  or  dimtnishc 

When  alleys  are  laid  out  in  a  block  so  that  the  interior  hnt< 
are  accessible,  it  is  very  rare  that  after  the  block  is  improve^f 
these  lines  can  be  measured  under  the  same  conditions  ^^  lh< 
fronts*  If  alleys  arc  not  laid  out,  the  difficulties  are  usualSi 
much  greater.     Location  of  lot  lines  by  angle  from  the  frofl 


/Undoubtedly  the  most  uniform  and  workmanlike  method  avail- 
t^able  to  the  surveyor.  Hence,  distances  on  the  rear  lines  of  the 
*il^Onjer  lots  should  be  omitted  from  the  record,  if  their  presence 
Would  leave  any  doubt  as  to  which  method  of  location  is  in- 
tended. It  is  not  customary^  nor  is  it  desirable,  that  lot-lines  or 
distances  should  be  determined  upon  the  ground  before  record- 
ing a  subdivision,  but  they  should  be  platted  by  a  man  who 
Icnow's  at  least  the  first  principles  of  trigonometry^  and  has  an 
accurately  measured  basis  for  his  work, 

285,  The  Datum-plane. — Levels  referred  to  a  permanent 
Iclatum  are  needed  as  soon  as  it  is  apparent  that  the  town  is  to 
[tea  living  reality  and  not  simply  a  town  on  paper.  The  da- 
[tum  is  a  matter  of  some  importance,  and  should  have  a  simple 
iTdation  to  some  natural  feature  of  the  locality  which  will  re- 

Uin  a  vital  interest  so  long  as  the  town  exists.  There  is  an 
individuality  in  town-sites  which  usually  determines  for  each 
*ase  very  definitely  what  is  best.     High-water  mark  indicating 

jthe  danger  of  overflow;  the  lowest  available  outlet  for  a 
Jrafnage  system  in  a  flat  country;  the  average  sea-  or  lake- 

[level,  as  affecting  commerce;  these  are  often  chosen  and  may 
erve  as  examples.  The  datum  selected  has  its  value  accu- 
ately  determined  and  marked  by  a  monument  as  enduring 

[as  the  granite  hills,  or,  if  that  is  impossible,  as  near  this  stand- 
ard as  can  be  secured ;  a  block  of  masonry,  with  a  single  and 

[durable  cap-stone  firmly  bolted  to  its  place,  and  bearing  the 

[datum,  or  a  known  relation  to  it,  definitely  marked  and  secured 

I  from  abrasion  is  certainly  possible  for  alL 

286.  The  Location  of  Streets  for  which  the  most  econom- 
Ijcal  and  practical  system  of  grades  may  be  secured  is  to  be 

considered  when  the  plat  is  being  prepared.     Grades  are  usu- 

llly  established  from  profiles  taken  along  the  centre  lines  of  the 

trect  to  be  graded.     This  method   is  direct  and  protects  the 

public  fund,  for  the  grade»  which  can  be  executed  at  minimum 

cost,  the  street  being  considered  by  itself,  can  be  determined 


I 


I 
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from  such  a  profile.  The  method  fails  from  the  factthitfcl  , 
treats  the  fond  raised  by  taxation  as  the  sum  total  of  tkpub-Wj 
lie  interest.  Parties  representing  abutting  property  appciiBj 
before  the  legislative  body  which  iias  final  action  and  seek  to Bi 
amend  the  recommendation  of  the  engineer,  claiming  that  tn- 1 
terests  which  shotdd  receive  consideration  are  injured  b>*tkM 
grades  proposed.  It  seems  plain  that  whatever  is  recommentB 
ed  by  the  city's  officer  should  have  the  moral  weight  whickB 
attaches  to  an  impartial  consideration  of  all  the  interests  ivhiclH 
the  city  fathers  are  bound  to  recognize.  But  this  involvc^iM 
change  of  method.  The  contour  map  of  the  district  involved  ¥ 
aeems  to  offer  some  help  toward  a  solution*  Methods  bjfft 
which  a  rapid  approximation  of  the  amount  of  cut  and  fill  in-B 
volved  in  any  proposed  grade  may  be  arrived  at  are  discusscii  I 
in  Chapter  Xlll.,  on  tlic  Measurement  of  Volumes.  I 

287,  Sewer  Systems.^ — A  well  devised  sewer  system  I 
touclies  very  closely  the  public  health.  The  infonmtion  I 
wiiich  is  necessary  in  order  to  act  intelligently  involves,  si  I 
storm-water  is  to  be  provided  for,  the  area  and  slopes  of  the  i 
whole  drainage-basin  in  which  lies  the  area  to  be  scwcrcd,  1 
This  will  enable  a  close  approximation  to  be  made  of  the  work i 
required  of  the  mains  at  the  point  of  discharge.  Each  sub-l 
district  involves  its  own  problem.  The  most  economiall 
method  of  reaching  every  point  where  drainage  is  neccssaiyi 
is  learned  by  studying  the  details  of  topography.  Boringil 
along  the  lines  of  proposed  work  to  determine  the  character  d% 
the  soil  and  the  depth  of  the  bed-rock  are  necessary  in  OTdefl 
that  contractors  may  bid  intelligently,  This  species  of  Ll11d«^| 
ground  topography  sometimes  modifies  the  location  fixed  byi 
surface  indications.  ,  I 

288.  Water*  supply.— The  need  of  a  water-supply  furJ 
nishes  new  work  to  the  surveyor.  The  distance  and  elevattoJIi 
of  the  source  of  supply,  the  topography  of  the  country' throagM 
which  aqueducts  or  mains  must  be  brought,  eligible  sites  (ofl 


^is^ 


I 

r. 


^servoirs,  with  their  relation  in  distance  and  elevation  to  all 
Joints  to   be  supplied,  are  to  be   furnished  to  the  hydraulic 
•Rgineen     The  datum-plane  for  these  maps  and  that  of  the 
^ovvn  should  correspond. 

289*  The  Contour  Map,  which  is  ^o  generally  useful  from 
the  time  the  town  is  first  planned  until  public  iinprovemeiits 
Cea^e  to  be  considered,  if  5urve)'ed  carefully  at  first,  has  no 
^tred  to  be  retraced  each  time  such  a  map  is  useful.  It  had 
V>cst  be  drawn  in  sections  of  sufificient  scale  for  a  working^plant 
and  so  arranged  that  when  adjacent  sections  are  placed  side 
by  side  the  contour  lines  will  be  continuous.  If  the  contours 
of  the  natural  surface  are  drawn  in  india-ink,  and  the  contours 
showing  the  changes  made  by  different  kinds  of  public  work 
be  drawn  in  some  color,  the  map  may  give  a  great  amount  of 
information  without  becoming  confused* 


,  METHODS   OF    MEASUREMENT, 

290.  The  Retracing^  of  Lines*  comes  with  the  private  use 
of  lots  or  bl^Kks  and  with  the  execution  of  public  improve- 
tuents-     The  demand  for  this  class  of  work  comes  not  once 
<}nlv,  but  many  times,  and  never  ceases  while  there  is  life  and 
grow^th.     The  changes  to  which  these  forces  give  rise  furnish 
the  main  demand  for  knowing  along  what  lines  growth  may 
proceed  unchallenged.     The  man  who  first  fences  a  lot  In  the 
middle  of  an  unimproved  block  can  ill  afford  to  risk  being  com- 
pelled to  move  his  fence  for  what  a  survey  would  cost.     But 
the   first  attempt  to  go  over  any  part  of  a  subdivision  and  M 
locate  a  lot-line  raises  the  question,  how  nearly  alike  can  a  " 
surveyor  measure  the  same  distance  twice,  or  how  nearly  alike 
can  two  surveyors  measure  the  same  distance.     If  the  distance 
noted  on  the  recorded  plat  was  not  measured  correctly,  the  ^ 
resurvey  must  differ  from  it,  or  by  chance  make  a  mistake  off 
the  same  amount     The  difference  which  appears  by  com^par* 

*  See  also  Art.  194  in  chapter  on  Land  Surveying. 
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ing  results  is  not  the  error  which  exists  in  either  the  oj 
or  the  resurvey ;  it  may  be  more  than  either  error,  it  may 
iesSf  being  the  algebraic  difference  of  th^  two  errorsi    It  ll 
IS  no  difference  it  means  that  the  work  is  uniform,  and  may 
correct,  but  both  may  also  be  in  error  a  like  amount,    U 
happened  in  the  days  of  twcnty^foot  rods  and  in  a  city  oi 
siderable  size  that  every  rod  used  by  surveyors  was  too  li 
The  change  to  steel  tapes  has  not  set  matters  wholly  rigl 
Ha  man  compares  steel  tapes  bearing  the  brand  of  the  wn! 
manufacturer  and  offered   for  sale  in  the  same  shop,  lie 
ceases   to   be   surprised   at   a   very  appreciable  difference 
length. 

291,  Erroneous  Standards*— How  long  is  a  ten-foot 
or  a  hundred-foot  tape  is  a  pertinent  and  fundamental  qi 
tion.     It   cannot   be   ignored   when   deeds  call   for  a  distal 
from  some   other  point,  as  fixing  the  beginning  point  of 
parcel  conveyed.     When  the  deed  describes  lot  number  — , 
shown  on  the  recorded  plat,  there  is  a  theor>^  in  accordaflS 
with  which  uniformity  is  all  that  is  required — a  distnbutionq 
the  distance  between  monuments  in  proportion  to  the  figud 
of  the  record.     Property  is  often  laid  out  with  a  view  to  thi 
theory  of  surveying.    So  long  as  block-boundaries  are  definit 
marked,  a  degree  of  precision  is  very  readily  secured  by 
method  which   is  rarely  attained  when  survwors  attempt 
measure  standard  distances.     If  the  surveyor  faithfully  m 
ures  the  block  through   and  every  time   distributes  what 
finds  in  proportion  to  the  record,  though  his  block  distal 
may  not  agree  with  the  record  or  with  themselves,  the  lot 
will  be  much  more  likely  to  be  the  same  than  if  he  measi 
his  record  distance  and  stops  at  the  lot.    This  method  assi 
that  the  lots  abut  one  upon  another,  and  reach  from  one  m< 
ment  to  the  other.     But   if  this  be  true,  the  distances  notj 
must  often  refer  to  some  empirical  standard  peculiar  to 
block  and  not  to  the  United  States  standard  established 


sm 


^law.  But  the  courts  recognize  no  standard,  so  far  as  the 
T  Author  knows,  but  that  whicli  is  established  by  law.  So  that 
j*hen  a  surveyor  comes  to  mark  lot  one,  finds  the  corner  of  the 
j^Wk,and  drives  his  stake  by  measuriiig  from  it  the  distance 
M  "^'hich  the  record  assigns  to  lot  one^  it  is  hard  to  prove  that  he 

■  has  not  measured  according  to  the  subdivision,  although  he 
Bhas  given  no  thought  to  the  distance  which  remains  for  the 
Bother  lots.     But  trouble  begins  right  here,  for  the  theory  which 

■  *s  correct  for  lot  one  cannot  be  very  wrong  for  lot  two;  con* 
B  ^inue  the  process  to  lots  six  and  eight,  and  give  to  another  sur- 
BVeyor  who  has  been  doing  the  same  kind  of  work  at  the  other 
B^nd  of  the  block  an  order  to  survey  lot  seven,  A  conflict  in 
■this  case  is  certain  unless  the  surveyor  who  laid  out  the  sub- 
■division,  and  each  of  the  others  since,  knew  the  length  of  his 
■tape  and  knew  how  to  measure. 

I  292.  True  Standards. — The  U.  S,  Coast  and  Geodetic  Sur- 
llrey  Department  at  Washington  standardizes  steel  tapes  for  a 
nominal  fee,  giving  their  exact  lengths  at  a  given  temperature, 
or  the  temperature  at  which  the  tape  is  standard.  By  means 
of  such  a  standard  tape,  a  standard  test  bar  may  be  set  and 
graduated,  and  used  as  a  permanent  standard  of  length.  If 
this  bar  be  of  iron  or  steel,  then  no  attention  need  be  given  to 
the  temperature  at  the  time  of  graduating  it,  or  when  subse- 
quent comparisons  of  steel  tapes  are  made  with  it,  since  both 
will  be  at  the  same  temperature.  In  this  Ccisc  the  bar  becomes 
a  standard  at  that  temperature  at  which  the  original  tape  was 
found  to  be  standard,  by  the  Coast  Survey  comparison.  For 
this  reason  it  would  be  well  to  require  the  C*  &  G»  Survey 
authorities  to  give  the  true  length  of  the  tape  at  a  given  tem- 
perature (as  60^  F.)  and  for  a  given  pull* 

Where  and  how  to  construct  a  standard  rod,  and  how  to 
care  for  it  so  that  it  may  be  permanently  reliable,  each  indi- 
vidual had  best  determine  for  himself.  It  should  be  fastened 
in  Its  place  in  such  a  manner  that  it  can  expand  and  contract 


I 
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freely,  i.e.,  without  any  strain  from  its  supports*  If  it  is  ma 
of  separate  parts,  these  should  be  so  joined  together  that  the 
can  be  no  lost  motion  between  the  pieces.  The  whole  requij 
protection  from  the  weatlier  and  to  be  so  supported  that] 
cannot  be  bent  by  a  blow.  The  writer  has  solved  thi^probio 
for  himself  in  the  following  way:  Bars  of  tool  steel  one  wi^ 
wide  and  one  fourth  of  an  inch  tliick  are  joined,  as  shown  i 
the  sketch,  to  make  the  desired  length  50  feet  -f;  the  wliolei 


/  °^  > 
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fastened  to  the  office  floor  by  screws  which  hold  the  midd 
firmly,  but  each  side  of  the  middle  the  lioleis  drilled  for  tin 
screws  are  slotted  sufficiently  to  allow  for  any  possible  diang 
of  temperature*     The  joints  are  so  close  that  a  light  biowij 
necessary  to  bring  the  parts  to  place;  the  screws   wert 
home  and  then  W'ithdrawn  a  little,  so  that    they  shotild  nd 
cause  friction  with  the  floor-     After  the   fastening  was  coti 
pleted  the  standard  marks  were  cut  upon  the  rod, 

293.  The  Use  of  the  Tape.— It  is  one  thing  to  have  a"' 
tape  of  correct  length  ;  it  is  another  thing  to  be  able  to  use  it 
In  an  improved  town  with  curb-lines  clear,  perhaps  the  most 
obvious  method  is  by  a  measurement  along  the  grade  with  the 
same  tension  as  that  at  which   the  tape  is  tested.     It  is  ibcn 
necessary  to  correct  for  temperature  and  to  note  all  changes  o( 
grade,  reducing  the  observed  distance  on  each  grade  by  tk 
versed  sine  of  the  tncHnation  or  by  the  formula  given  in  Uiap. 
XIV.    By  this  method  the  tape  is  supported  for  its  entire  length, 
and  it  is  practicable  to  use  a  tape  two  or  three  hundred  fed 
long  to  advantage   provided   there   arc   enough  assistants  to 
keep  it  from  being  broken.     A  difficulty  arises  in  the  3 
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^his    method  from   the  fact  that  the  town  is  not  made  for  the 
^convenience  of  surveyors,  and  curb-lines  are  not  usually  clear 
^^here  measurements  are  needed,  but  are  obstructed  by  piles 
^^f    building  material,  bales  of  merchandise,  etc.,  and  in  some 
.towns  the  streets  are  so  dirty  that  the  graduation  could  not  be 
,*^en  long  if  a  tape  were  used  in  this  way  ;  it  would  also  be  so 
'  hovered  with  drying  mud  that  it   could  not  be  rolled  in  the 
'  oox  when  out    of    use,    hence    would    be    frequently   broken, 
Tapes  that  are  wound  on  a  reel,  and  have  no  graduations  to 
^Peak  of,  could  be  used  in  the  mud,  but  the  other  objections 
'Mentioned  would  still  make  the  method  of  very  limited  appli- 
cation.    It  is  further  to  be  noted  that  the  laying-out  of  the 
"^own,  which  is  the  basis  of  all    later  work,  has  all  to  be  done 
*^fore  the  streets  are  graded  or  the   curbs   set.     This  work 
1-  '^liist  be  done  by  some  other  method. 

The  usual  method  is  to  keep  the  ends  of  the  tape  horizon- 
tal by  using  a  plumb  at  that  end  of  the  tape  where  the  surface 
*S  lowest,  and  often  at  both  ends  if  the  ground  is  so  irregular 
Or  so  covered  with   brush  and   weeds  that   the  tape  must   be 
kept  ofl  the  ground.     The   tape  assumes  a  curved  form,  and 
the  horizontal  distance  is  something  less  than  the  length  of  the 
tape.     There  is  also  a  tension  in  the  tape  which,  on  account  of 
the  elasticity  of  the  metal,  somewhat  increases  its  length.     As 
the  tension    increases    the    sag   diminishes,    hence    there  is   a 
degree  of  tension  such  that  its  effect  is  equal  and  opposite  to 
the  eflect  of  the  sag.    Call  this  the  normal  tension.    If  a  line  is 
measured  with  a  pull  less  than  the  normal  tension  for  the  tape 
used,  the  tape  will  sag  too  much  and  there  will  be  a  minus 
error  due  to  this  excessive  sag :  if  the  pull  used  exceeds  the 
normal  tension,  there  will  be  a  plus  error  due  to   this  excess. 
It  the  pull  has  been  uniform  the  total  error  in  either  case  is 
proportional  to  the  length  of  the  line  :   but  if  the  pull  has  not 
been  uniform  the  error  has  varied  irregularly  with  each  length 
of  tape  and  can  most  readily  be  calculated  by  retracing  the  line 
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and  using  the  proper  tension.  In  practice  the  tape  is  Usta 
with  a  known  tension,  and  a  tension  so  much  above  the  *'  nor* 
mal  **  is  adopted  for  field  use  that  its  plus  error  is  equal  to  tk 
plus  error  of  the  test. 

294*  To  determine  the  **  Normal  Tension  "  in  a  tape  sup- 
ported at  given  intervals.     The  tape  forms  a  catenar>^  curves, 
since  it  carries  no  load  but  its  own  weight  and  is  of  yntfono] 
section* 

Let  P  =  horizontal  tension  (pull) ; 

w  =  weight  of  a  unit's  length  of  tape ; 
e  =  base  of  Naperian  logarithms  ; 
s  ^  length  of  curve  from  origin  ; 
^  /  ^  distance  between  supports; 
IV  ^  wl  =  weight  of  tape  ; 
X  and/  =  horizontal  and  vertical  coordinates,  origin  at  low 
est  point; 
X  =  y  for  cases  considered. 


Then  by  mechanics,* 


and 


s  =  —{€  f'   —  e     ^\ 


^.P    ^ 


We  observe  (i),  that  if  -   is  constant^  and  5  are  constant  tor 


^ 


the  same  length  of  tape  ;  {2},  if  /*be  measured,  say  ten  pounds^ 

*  The  discussion  here  given  [s  rigid,  but  both  the  developmeiu  and  theevila 
Mion  of  ihe  equations  are  laborious.  Jt  ilie  curve  be  assumea  to  be  a  parabola, 
which  11  may  when  the  sag  y%  small,  ibe  devea:»pmcrit  is  much  simpler*  Scetto« 
tre^tinenl  of  this  subject «  Art*  344,  Ch^ipter  XTV*^f.  B.  I* 
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vorking  condition,  j'  and  s  will  vary  with  the  weight  of 

PI       P 
tape  used,  hence  -=77  =  —  is  the  ratio  which   must   be 

ant ;  (3),  if  the  surveyor  can  keep  y  constant,  the  same 
tions  keep  s  constant,  and  if  ^  varies  s  must  vary ;  (4),  if 

J/)  varies,  and  —  varies  in  the  same  ratio,  then  —^  is  con- 

,  hence  the  parts  of  the  equations  in  parenthesis  are  con- 

P 

and  y  and  s  vary  as  /  and  — . 


^BLES    SHOWING    NORMAL   TENSION    AND    EFFECT   OF 
VARIABLE    TENSION. 


/  =  100  feet. 

J-  =  50  feet. 
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Assuming  values  of  --,  the  formulas  are  readily  solved  tot 

iny  assumed  distance  between  supports  and  the  results  tabu- 

ated  ;  seven- place  logarithms  are  best  for  this  work. 

The  !0o'  tape  is  chosen  because  it  furnishes  a  ready  means o( 

:aloulating  a  table  for  any  other  length  of  tape  by  a  decimal 

■eduction  of  the  errors,  per  looo',  in  proportion  to  the  lengtli 

P 
Jesired,  and  tabulated  with  values  of  —  reduced  in  the  samC 

sroportion.     There  are  those  who  use  the  1 00'  tape  free-handt 
vith  t6  to  20  pounds  pull,  and  say  they  do  the  work  uniform  y 

■ 
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Hln  the  ordinary  formula  for  elongation,  \  =  ~Wi^^  ^^  ^^^^ 

rafe  section  k,  a  multiple  of  w.    The  foregoing  tables  are  calcu- 

i^ed  from  the  value  w  —  i^Afk.     The  tension  in  the  tape  P 
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*  j^  is  the  modulus  of  elasticity  in  poutids  to  the  square  inch*  ind  k  Is  Ihf        1 
L  of  the  cross-section  in  square  inches,  L  being  given  in  the  same  dcnomlo*        1 
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differs  from  the  horizontal  tension  P,  so  that/^  =  ^ secant^ 
(i  =  inclination  to  the  horizontal),  a  second  difference  which 
is  so  small  that  it  may  be  neglected.     Let  E  =  275OOOO0{s< 

Pi  \  Apt 

Chapter  XI  v.).  hence  ^-.  ^   —  ^    -   — ,  nearly. 

The  same  facts  (or  looo  feet  distance  are  shown  k 
Fig,  io6.  In  the  tables  the  plus  and  minus  errors  are  sliovvi 
separately  for  a  single  length  of  tape  only,  and  combined 
for  lOOo'  feet ;  in  the  figure  they  are  separated  for  lb 
wliole  distance  and  the  resultants  of  the  table  are  the  vt^rtid 
intercepts  between  the  curves  (minus  errors)  and  the  straigh^ 
line  (plus  errors),     The  sag  for  a  single  length  of  tape  and  c<* 

P 

responding  —   is  shown  by  dotted  curved   lines;    these  an 

plotted  to  a  reduced  vertical  scale  which  is  shown  at  the  riglil 

of  the  sketclh 

295.  The  Working  Tension,— In  using  these  tables  it 

best  to  measure  the  sag  until  the  necessary  pull  for  the  tape 

learned.     When  the  ends  of  the  tape  are  at  a  knoivn  elevati( 

above  a  level  surface,  a  rule  at  the  middle  of  the  tape  ^v 

show  whether  the  pull  is  right*     The  fore  chain nn an  shoul 

learn  to  pull  steadily,  not  w:th  a  jerk,  as  he  sticks  the  pin»    A 

more   emphatic   statement   than    the   figure   itself   is   of  ik 

worthlessness  of  an  unsteady  hand  at  the  forward  end  of  ik 

tape  it  would  be  Iiard    to    make.      A    consciously   constant 

pull,  the  same  every  time,  is  necessary  for  good  work,     Tooi> 

serve  the  sag  is  the  surveyor's  means,  in  the  field,  of  knowing 

that  the  work  is  being  done.     He  soon  learns  to  judge  with 

considerable  accuracy  whether  the  proper  pull  is  con^t^ntly 

maintained.     The  proper  pull  is  determined  by  the  tensioii  at 

which  the  tape  is  tested  ;  call  this  /.     Then,  having  weighed 

pi       p 
the  tape,  -^  —  ^-^    Seek  the  plus  error  from  elongation  for  this 


value  of  -  ;  then  find  the  same  plus  error  between  the  curve  fof 
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khat  len^h  of  tape  and  the  straight  line;  the  corresponding  — 

Is  right  for  field  use, 

For  example,  a  50'  tape  weighs  six  ounces,  and  the  pull* 

jfrheri  tested,  was  five  pounds;  ,v  —  ^  ~^ —  ^  666,  and  the 

dongation  =  0^083.  The  curve  for  a  50'  tape  marked  — 
^ror  from  sag  is  distant  from  the  line  marked  +  error  from 

P 

puU  the   same   amount  when  --  =  1233.     Whence  P—  1233 

P^  A  "^  5*^  "  9i  po^ndsj  and  the  sag  ^  o\25.  When  a  tape 
is  to  be  suspended  freely  in  use,  the  tension  at  the  test,/,  should 
■lot  be  such  that  the  working  tension  P  will  be  so  great  as  to 
be  impracticable;  but  it  is  also  to  be  noted  that  slight  varia- 
lions  of  pull  do  not  affect  the  result  as  much,  when  the  tension 
Is  considerably  above  the  normal,  as  the  same  variations  would 
pfTect  it  if  the  tension  were  at  or  below  the  normal, 

296.  The  Effect  of  Wind*^A  very  moderate  wind  has  a 
inarked  effect  on  the  sag  of  the  tape;  the  wind-pressure  on  the 

turf  ace  of  tape  exposed  increases  the  sag  and  gives  it  a  diago- 
al  instead  of  a  vertical  direction.  The  exposed  surface  of  the 
tape  constantly  changes,  and  this  results  in  vibrations  which 
make  it  difficult  to  tell  where  either  end  of  the  tape  is.  The 
tfifect  of  its  action,  which  is  a  minus  error,  varies  approximately 
Ls  the  square  of  the  length  of  tape  exposed.  The  effect  of 
IKrindJng  up  part  of  the  tape  so  as  to  use  a  shorter  length  is  to 
Increase  the  use  of  the  plumb,  which  is  also  affected  by  the 
Wind,  and  the  result  is  a  loss  of  a  part  or  all  that  is  gained.  A 
t\\  working  tension  reduces  the  effect  of  the  wind.  But  the 
way  to  eliminate  this  source  of  error  is  to  cease  from  any 
STece  of  work  when  the  wind  is  so  high  that  it  cannot  be  done 
IS  It  should  be  done.     There  are   estimates,  topography,  etc., 

ision  and  which 


requK 


degre 


precis 


in  be  done  when  other  work  cannot 
^6 


x^c^ 


suj^FBvma 


297.  The  Effect  of  Slope.— When  the  tape  is  used  with 
its  ends  at  different  elevations,  if  it  hangs  freely  its  lowest 
point  would  not  be  in  the  middle,  but  nearer  the  lower  end 
The  corrections  for  sag  and  pull  still  apply;  however,  with 
inappreciable  error,  for  all  practicable  cases.  The  normal 
tension,  therefore,  remains  the  same  as  for  a  level  tape.  A 
correction  must  now  be  made,  however,  for  the  grade*  the 
value  of  which  is  /  vers.  f\  where  /  is  the  distance  measured 
along  the  slope,  and  /  is  the  angle  with  the  horizontal  The 
measured  distance  is  always  too  great  by  this  amount.* 

The  available  means  by  which  the  tape  may  be  kept  level 
are:  (i)  The  judgment  of  two  field^iands*  (z)  On  diflSculi 
lines,  the  presence  of  the  surveyor  standing  at  one  side  where 
Ivis  position  has  some  advantages.  A  distant  honz^on  often  very 
sharply  defines  the  horizontal.  (3)  Where  streets  arc  im- 
proved,  although  it  may  be  impracticable  to  measure  along  tk 
slope,  the  known  fall  per  100  feet  will  give  the  needed  in  for 
mat  ion.  (4)  Where  none  of  these  methods  are  sufficient*  U^l 
the  judgment  by  plumbing  at  different  heights^ and  correcting 
the  pin  if  necessar)'.  These  methods  will  eliminate  the  worsi 
errors;  but  where  it  is  necessary  to  measure  lengths  of  6ve 
or  ten  feet,  and  then  plumb  from  abov^e  the  head,  the  uncar 
rected  remnant  will  be  considerable,  probably  that  due  an 
inclination  of  two  per  cent  on  the  whole  length  of  such 
lines,  with  very  careful  work  to  get  so  near.  This  diflferencc 
in  the  character  of  lines  is  to  be  taken  into  the  account  in 
balancing  the  survey.  Note  that  the  resultant  error  is  alwa! 
minus. 

298.  The  Temperature  Correction. — The  temperature 
the  tape  at  the  time  when  the  work  is  done  afifects  the  result 
This  is  not  the  temperature  in  the  shade  that  day,  n 


I 


♦This  question  is  fully  discus&ed  in   Art.  34 7*   Chapter  XIV  ,  n^liere  titc 
rectiuii  i&  founiJ  in  icrriiii  ol  the  dlfTcfenve  in  elevation  w(  ihe  two  fixJ^.^J    U.  J,' 
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eading  at  the  nearest  signal  station,  but  is  the  tempera- 
lire  out  on  the  line,  under  the  conditions  which  exist  there. 
K  grasf^-covered  slope,  duscending  away  from  the  sun,  will 
iften  show  at  the  same  time  as  much  as  twenty  or  thirty 
|egrees  lower  temperature  than  a  bare  hillside  inclining 
toward  the  sun*  The  thermometer  is  needed  with  the  work, 
If  the  co-eflficient  of  expansion  is  not  known,  use  0.0000065 
|or  r  F. 

I  It  is  very  desirable  in  a  city-survcyor*5  work  that  he  be  able 
to  apply  his  corrections  at  once  while  in  the  field.  If  he  gnes 
but  to  measure  any  given  distance,  he  must  be  able  to  f\K  his 
fctarting-point  and  drive  his  stake  at  the  finish.  If  the  \vcather 
Is  hot  or  cold,  he  knows  what  it  differs  from  the  temperature 
lit  which  his  tape  is  tested,  and  applies  the  correction  at  once 
to  the  whole  distance.  He  watches  that  the  pull  is  right, 
that  the  tape  is  kept  horizontal,  that  the  work  stops  when 
Ihc  w  ind  is  too  severe,  and  that  the  checks  show  the  desired 
accuracy* 

299,  Checks.^ Every  piece  of  work  should  be  carried  on 
•ill  it  checks  upon  other  work,  verifying  its  accuracy  within 
|esired  limits.  This  method  ties  up  every  survey  al  both  ends, 
tn  order  to  be  prepared  to  do  this  expeditiously,  the  surveyor 
fhould  lay  out  general  lines  which  should  be  joined  into  a  sys- 
iem  embracing  the  town-site.  The  lines  of  leading  streets  and 
:he  boundary-lines  of  additions  give  most  valuable  information 
irhen  made  parts  of  such  a  system.  This  borders  on  the  geo- 
>€tJC  idea,  but  it  will  generally  be  impracticable  to  determine 
[he  lengths  of  these  lines  by  triangulation  from  a  measured 
iase,  for  the  stations  can  very  rarely  be  so  chosen  that  the 
ingles  can  be  measured  upon  the  whole  length  of  the  lines,  or 
:he  diagonals  be  observed  at  alt.  Still,  the  angles  should  be 
neasured  upon  the  best  base  practicable.  Permanent  build- 
Hgs  and  existing  monuments  showing  the  lines  of  intersecting 
treets  should  be  noted  both  for  Jine  and  distance. 
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MISCELLANEOUS  PROBLEMS. 

The  Improvement  of  Streets  involves— ( 
of  the  earthwork  in  the  grading  and  shaping  oi^i 
^l^«^^  (a)  The  location  of  the  improvements  aJoog  the  line 
t^  licsiicated  streets.  City  ordinances  usually  prescribes 
^mii  wnhh  of  sidewalks  and  roadway  for  each  width  of  sti 
Vj,^  1  the  location  of  improvements  at  the  grade  fixed  by  fl 
iM^ce.  (4)  The  estimation  of  materials  furnished  by  contrad 
4iid  used  in  the  work.  The  position  of  monuments  which! 
tnr  disturbed  during  the  progress  of  the  %vork  is  preserve^ 
^UtH3S-stakes  driven  beyond  the  limits  of  disturbance,  \\! 
^tyb  precaution  is  neglected  it  results  in  all  sorts  of  angUsI 
V#i<cts  in  the  curWineSg  in  cases  where  there  is  surplus  or  I 
Vicncy  in  the  original  survey.  Take  a  case  Improved 
khck  at  a  time,  where  the  first  block  is  established  by  1^ 
4t)lt«iice  from  the  right,  the  second  block  by  record  disl 
(tom  the  left,  and  a  third  by  running  from  tlm  last  poil 
f  point  established  at  the  end  of  the  third  block  by  meaij 
^4iin  from  the  right,  etc.  The  resulting  lines  of  curb  wl 
jjjve  a  suggesuon  of  where  the  street  was  laid  out,  Somf 
^^yors  are  accustomed  to  replace  from  their  witness^tak^ 
monuments  on  the  new  grade*  Such  a  practice  is  cert 
la  be  commended ;  the  small  cost  to  the  public  treasuit 
^^11  be  borne  for  the  public  good. 

301.  Permanent  Benchmarks. — In  order  to  securej 
||4£y  and  uniformity  in  elevations  throughout  a  city,  h 
^Hrk^  are  established  by  running  lines  of  levels  radiating 
llVQ  directrix,  and  checking  the  work  by  cross^lines  at  cd 
|9l\t  Intervals,  these  cutting  the  whole  territory  into  small 
^U^  no  that  a  standard  bench-mark  will  never  be  far  frai} 
^Vlk  which  must  be  done-*     This  work  Is  carried  on  as  I 


^♦'I'lifie  vnrloan  lines  tti  hv^h  will  form  a  network,  sucli  as  thftl  sbown 
,  which  should  be  a<rl justed  onte  for  alias  described  in  lluit  d 
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i"ades  are  established,  and  generally  as  far  as  the  city  officers 
^»"e  prepared  to  propose  grades  for  adoption  by  ordinance, 
-i^Uere  i&  a  view  of  what  constitutes  or  is  essential  to  accurate 
*^^lhods  which  would  make  every  piece  of  work  start  from  ■ 
"^st  principles,  so  that  it  may  not  depend  in  any  way  upon  er- 
•*^rs  involved  in  work  previously  done.  But  work  done  on  this 
I^'^in  does  not  have  to  be  extended  very  far  before  the  results 
"^ili  show  plainly  that  there  is  a  wide  margin  between  the  uni- 
-  ^rmity  attained  and  tlie  accuracy  attempted. 

302,  The  Value  of  an  Existing  Monument  is  based  ( i)  on 
^H^  fact  that  it  corresponds  in  character  and  position  to  amon- 
^  tnent  described  on  the  recorded  plat ;  (2)  on  the  custom  to 
"l^lace  monuments  upon  the  completion  of  a  survey,  and  on  the 
Supposition  that  this  monument  in  question  was  set  in  pursu- 
ance of  such  custom,  although  no  monuments   are  noted   on 
the  plat;  (3)  on  recognition  by  surveyors  and  owners  of  land 
affected  by  it ;  (4)  on  the  knowledge  that  it  was  placed  by  a    ■ 
Competent  surveyor  at  a  time  when  data  were  accessible  which 
are  not  now  in  existence.     The  value  of  the  evidence  which 
establishes  or  tends  to  establish  the  reliability  of  the  monument    ■ 
15  primarily  a  question  for  the  judgment  of  the  surveyor;     His 
decision  must  be  reviewed  and   defended  before  courts  and  ju* 
ries  when  there  is  a  difference  of  opinion* 

The  monument  is  valueless,  or  less  valuable  in  all  degrees, 
when  there  is  evidence  that  it  has  been  disturbed.  It  some- 
times happens  that  there  is  no  better  way  to  establish  a  corner 
than  to  straighten  up  a  stone  which  is  leaning,  but  has  not 
been  thrown  entirely  out  of  the  ground.  Inquiry  often  brings 
out  the  fact  that  a  stone,  after  being  completely  out  of  the 
ground,  has  been  reset  either  by  agreement  of  owners  adja- 


and  so  mtf  elfivation  obtaintd  for  ^ach  bench-mark*  It  Is  common  fnr  ©arli 
bench-mark  in  a  city  tp  ba^^e  numerous  elevations  differing  by  several  tenths  of 
ft  foot,  and  ail  of  about  equal  credeni^e.^J^  B,  J. 


430 


SURl-'EYING. 


cent,  or  hy  the  reckless  fndividuiil  who  did  the  mischief,  andj 
still  pointed  out  as  the  stone  the  surveyor  set.  As  a  rtcp 
nized  corner  such  a  stoue  has  some  value,  i.e.,  it  is  to  be  %n\ 
posed  that  it  is  somewhere  in  the  right  neighborhood ;  but  if  ij 
position  can  be  verified  from  other  points  which  have  not  1 
disturbed  the  work  should  be  retraced.  If  the  original  sunfd 
was  made  in  a  careless  way  or  the  corner-stones  were  badfi 
set,  they  may  help  a  careful  man  to  come  to  an  average  till 
which  shall  correspond  with  the  recorded  plat.  Momimew 
are  sometimes  moved  or  destroyed  maliciously.  It  is  wi^c  H 
a  surveyor  to  test  discreetly  everywhere,  but  to  be  cspeciaM 
careful  where  there  has  been  quarrelling  about  lines. 

There  is  a  principle,  recognized  to  some  extent  by  tid 
courtSi  that  the  existing  monument  is  the  evidence  of  the  orig 
inal  survey,  whether  or  not  it  is  called  for  by  the  recordei 
plat.  The  custom  that  the  surveyor  making  the  subdtvisio 
and  the  plat  for  record  shall  set  corner-stones  is  so  faf  fd 
lowed  that  tliis  is  generally  true,  cases  of  accident,  carelessiic 
and  mischief,  and  such  cases  as  that  mentioned  below^  bd!^ 
somewhat  exceptional,  but  many  times  ver>'  reah  It  is  son 
times  attempted  to  go  a  step  further  and  affirm  that  thei 
corded  plat  is  the  record  of  the  survey.  This  reverses  the  o? 
der  of  events  in  most  cases,  the  survey  being  made  in  order  to 
mark  upon  the  ground  the  chief  points  of  apian  ah^eady  fixed 
upon  ;  and  as  to  all  the  main  lines,  the  plat  is  not  altered,  hm^ 
ever  carelessly  the  survey  may  be  made.  There  are  subdivisions 
where  no  monuments  were  set  and  where  no  certain  evidence 
is  in  existence  of  how  or  where  the  original  survey  w*as  made 
or  whether  any  survey  was  made  at  all,  and  yet  there  is  a  n> 
corded  plat,  A  surveyor  being  called  upon  to  make  a  survey 
of  some  parcel  in  such  a  subdivision,  sets  stones  in  order  to  se- 
cure recognition  for  his  theory  of  the  proper  location.  If  lie 
does  his  work  carefully  he  undoubtedly  does  the  public  a  ser- 
vice.    Can  any  amount  of  ignorance  of  when   or  why  these 
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>nes  were  set  evt-r  make  them  evidence  of  the  original  sur- 
y?  In  other  caBes  some  monuments  mny  be  in  existence, 
it  more  would  be  convenient, — points  are  determined  from 
listing  monuments  in  aaordauic  tviih  the  rccerdt^d  plat  and 
Diies  arc  set.  Another  surveyor  may  feel  a  little  nervous 
lOUt  manufacturing  this  sort  of  evidence  of  the  original  sur- 
ry,  or  more  likely,  may  think  it  too  much  trouble  and  a  dam- 
je  to  the  business,  for  the  more  doubt  the^more  work  for  the 
irveyor,  so  drives  his  stake*  Then  comes  the  owner  who, 
Esinng  to  secure  a  permanent  corner,  digs  a  hole  about  the 
ake  without  taking  ofTscts.  throws  it  out,  and  sets  in  a  stone 
-an  existing  monument  [  This  is  no  fancy  sketch,  nor  are 
ich  facts  so  very  rare.  The  young  man  who  thinks  he  would 
ke  to  be  a  surveyor,  but  has  no  eyes  nor  ears  for  facts  like 
lese,  had  better  turn  his  attention  to  some  other  business, 
iirveyini;  is  an  art --not  an  exact  science,* 

303.  The  Significance  of  Possession, — Possession  has  a 
ilue  in  reestablishing  old  lines  where  all  monuments  have 
^appeared.  It  is  a  species  of  perpetuating  testimony  of  their 
isitions.  The  average  of  a  series  of  improvements  will  often 
ve  a  very  close  determination  of  where  the  corner  must  have 
ekkI.  The  practised  eye  accustomed  to  sharply  defined  lines* 
ery  lot  having  very  nearly  its  right  quantity,  which  are  cus- 
mary  where  lines  arc  well  established,  will  notice  at  once,  the 
'egular  possession, — gaps  between  houses,  vacant  spaces 
'tween  fences  and  houses,  too  little  for  use,  too  much  for 
namentf  which  may  be  seen  where  lines  are  in  doubt  and 
ery  man  expects  the  next  surveyor  to  make  a  conflicting 
rvey.  Like  the  men  of  the  present,  most  men  in  the  past 
ve  preferred  to  be  right — ^have  made  efforts  to  be  right— 
ye  employed  surveyors;  we  can  judge  where  these  men  in 


•  Consnlt  Judge  Coolcy's  paper  on  the  Jadidal  Functions  of   the  Surveyor, 
pendix  A,  and  %\m  Art,  194  in  chapter  on  Lund  Surveying,  and  Appendix  H» 
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the  past  worked  from  by  seeing  where  their  works  are. 
legal  principle  has  a  bearing  here,  that  *'  he  who  would  si 
dispossess  another  must  first  show  a  better  title/*  The  j 
veyor  who  attempts  to  dispute  possession  must  show  bd 
evidence  than  possession  of  tlie  right  location  of  the  linaj 
is  employed  to  retrace. 

304,  Disturbed  Corners  and  Inconsistent  Plats.— 
work  of  testing  a  corner  that  probably  has  been  disturbed 
many  points  of  likeness  to  the  work  of  reestablishing  con 
that  have  disappeared  altogether  The  recorded  plat  is  in 
cases  the  basis  of  the  work.  When  it  records  the  results  i 
survey  it  is  to  be  presumed  that  the  surveyor  endeavors 
do  accurate  work;  hence  his  work,  if  not  absolutely  corr 
was  probably  uniform.  Lines  which  are  shown  by  the  ] 
as  straight  Imes  are  to  be  retraced  as  straight  lines.  Liiici 
volve  less  liability  to  error  than  measurements,  and  arc  fifsl 
be  considered.  Determine  as  many  points  as  possible 
straight  lines  betw^een  existing  monuments.  Then  test. 
measnrements  along  the  extreme  lines  and  the  streets  wl 
are  the  basis  of  the  subdivision*  If  the  measurements  betw 
undoubted  corners  agree  with  the  plat  so  closely^  or  if  t 
differ  so  uniformly  that  the  presumption  of  accurate  M 
is  justified,  corners  that  are  out  of  line  or  out  of  proportiot 
distance  have  the  burden  of  proof  against  them.  He  \ 
would  claim  for  them  authority  must  show  that  they  have 
been  disturbed,  and  that  they  are  consistent  w^itli  some 
tional  location.  If  there  was  no  original  survey,  that  fact  ii 
excuse  for  careless  work  at  a  later  time  ;  there  is  always  s 
place  to  begin.  The  case  when  the  recorded  plat  does 
agree  with  itself  presents  more  difficuhies,  such  as  the  fol 
ing:  (1)  The  lines  do  not  give  the  same  points  as  the  distal 
(2)  The  distances  disagree  among  themselves;  (3)  The  nn 
ments  disagree  with  both  lines  and  distances  impartiall)^ 
agree  with  one  and  disagree  with  the  other,  while  the  gen 


CITY  SURVEVmC, 


435 


wacter  of  the  work  negatives  the  supposition  that  they  were  ' 

r  carefully  set*    The  object  to  be  sought  Is  not  to  perpet- 
te  forever  the  blunders  of  the  original  survey,  but  to  seek   ' 

most  rational  adjustment  of  all  the  evidence,  so  that  all  parts  \ 
ff  be  located  with  a  minimum  of  conflict,  and  so  that  no 
shall  be  able  to  prove  your  survey  wrong,  i.e.,  show  a 
!t>re  reasonable  location  for  any  part,  A  consultation  of 
rveyors  before  too  many  conflicting  interests  have  developed 
Qften  advantageous. 

3PS-  Treatment  of  Surplus  and  Deficiency.*— It  is  gen- 
ally  a  simpler  problem  to  determine  in  which  block  differences  1 

measurement,  whether  surplus  or  deficiency,  belong  than  it 
to  know  what  to  do  with  them  in  the  matter  of  lot-location, 
*ere  has  never  been  any  theory  invented  for  the  treatment 

either  surplus  or  deficiency  which  is  able  to  stand  the  test 

the  courts  against  all  combinations  of  circumstances.     A 
^  suggestions  with  the  more  probable  limitations  arc  all  the  | 
dp  that   can  be  offered:  every  case  must  be  investigated  for 
self-  (i)  A  distribution  of  the  whole  front  in  proportion  to 
e  record  distances  meets  general  approval,  at  least  in  cases  of  j 

rplus«  until  it  comes  in  conflict  with  possession.    This  is  justl 
c  time  when  an  owner  of  ground  wants  to  know  what  his 
rhts  are,  and  it  is  also  the  time  when  no  surveyor  can  tell 
eeh-     a  compromise,  or  the  verdict  of  a   petit  jury,   which 
ics  foreknowledge,  are  the  chief  alternatives.     The  courts 
y  that  he  who  would  sue  for  possession  must  show  a  better 
tic.     An    examination   shows  that   each   has  a  better   titir 
ban  any  other  to  so  much  ground  as  the  plat  assigns  to  h%% 
>t*  bat  that  no  one  has  a  better  title  than  any  other  one  to 
If  part    of  the  surplus-    The  surveyor  docs  wisely  to  take 
E>te  of  possession  and  make,  if  he  can,  such  a  location  as  U  in 
:cofdaoce  with  the  record,  and  yet  not  in  canflict  with  po^ses- 
.     Wlien  this  is  not  possible,  let  the  map  and  certificate  oj" 
tfv^^  fa^  made  in  such  a  way  that  tbcy  are  simply  a   slaic- 
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ment  of  the  facts.  It  is  not  a  surveyor's  business  to  deciJcl 
legal  questions  or  give  judgment  in  ejectment,  (2)  Bea<i?tl| 
a  suit  for  surplus  will  not  lie,  it  has  been  thought  that  he^boH 
first  took  possession  of  the  surplus  would  be  secure  if  he  iA«tH 
only  careful  to  take  it  so  that  every  other  one  might  havefeB 
ground.  Trouble  with  this  view  arises  because  it  is  not  po^vsM 
ble  to  locate  the  surplus,  WJien  one  man  has  appropriated  m 
there  is  in  the  block,  and  the  rest  but  one  have  appropriatefl 
each  his  proportionate  share,  then  comes  the  last  man.  Thfl 
more  surplus  m  the  block  the  more  he  is  deficient ;  he  wants  « 
ground,  and  he  finds  it  easier  to  sue  the  one  man  than  the  twenH 
Perhaps,  in  order  to  be  sure  of  a  case,  he  had  better  sue  them  all 
The  cases  which  arise  in  practice  take  on  an  infinite  variety  « 
compHcations  and  are  not  usually  so  simple  as  these  describ« 
(3)  The  fact  is,  that  the  idea  that  a  subdivision  ought  tfl 
have  a  little  surplus  is  irrational.  The  work  should  be  ^ 
close  to  the  standard  that  the  surveyor  who  retraces  the  VitM 
would  testify:  **  According  to  the  best  of  my  knowledge  and^ 
belief,  there  is  neither  surplus  nor  deficiency  there.  In  retrac- 
ing my  own  work,  which  is  carefully  executed,  I  observe  as 
great  discrepancies  as  any  which  I  find  in  this  subdivision,  and 
I  conclude  that  the  small  difference  which  I  observed  in  tht* 
case  was  as  likely  to  have  been  an  error  in  my  own  work  as  to 
attach  to  the  subdivision/*  (4)  Deficiency  would  seem  to  be 
easier  to  deal  with  than  surplus;  for  when  the  last  man  has  not 
his  ground  he  has  a  valid  claim  against  the  original  owner  for  a 
rebate  on  the  purchase-price.  But  the  burden  of  the  difficulty 
in  this  case  falls  on  the  surveyor  When  a  man  brings  his 
deed  and  asks  a  survey  of  lot  9,  while  8  and  10  arc  unsold  and 
lots  I  to  7  are  already  in  possession,  he  leaves  lot  8  its  ground 
and  the  deficiency  in  lot  lo.  Suppose  it  turns  out  that  lot  10  i* 
next  sold,  and  that  the  surveyor  reports  it  deficient,  the  seller, 
when  waited  on,  may  reply/*  I  have  not  sold  more  ground  in  the 
block  than  I  owned;  the  surveyor  has  made  a  mistake  \n  Incat 
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^^%  lot  9/'     This  liability  attaclres  to  every  location  which  is 
^^(Je  before  every  lot,  between  the  one  located  and  one  corner 
*^f  the  block,  is  sold,     {5)  It  is  practicable  for  the   original 
Owner  to  so  write  his  deeds  as  to  locate  surplus  or  deficiency, 
By  beginning  all  deeds  at  the  record  distance  from  one  street 
and  continuing  this  uniformly  through    the  block,  the  differ* 
ence  goes  in  the  lot  farthest  from  the  starting-point:    or  he 
may  continue  the  process  up  to  any  line  which  he  may  choose, 
and  work  from  the  other  end  of  the  block  in  deeding  the  re- 
maining lots;  then  the  difference  falls  upon  the  line  chosen 
and  falls  to  the  share  of  the  lot  abutting  upon  that  line  which 
is  last  deeded.     But  to  approve  this  method  is  to  affirm  the 
practicability  of  absolute  accuracy  in  work.     No  one  can  tell 
how  small  a  difference  may  cause  trouble. 

306.  The  Investigation  and  Interpretation  of  Deeds*  for 
the  use  of  the  land  surveyor,  dealing  with  the  harmony  or 
conflict  of  the  descriptions,  is  entirely  a  different  work  from 
that  of  the  investigator  of  titles,  which  deals  with  the  legal 
completeness  of  the  conveyance.  In  the  older  parts  of  a  town 
the  deed  of  the  present  proprietor  frequently  does  not  give 
information  sufficient  to  fix  the  correct  location.  The  key 
may  lie  in  some  boundary  in  an  early  deed  referring  to  a  still 
earlier  conveyance  of  adjacent  property.  Or  the  earlier  deeds 
may  give  clearly  defined  locations,  while  the  latter  ones 
say  **  more  or  less"  at  every  point.  In  some  cases  the  deeds 
are  in  such  a  condition  that  it  is  impossible  to  tell  what  they 
mean  until  it  is  known  what  the  possession  is.  Skill  in  this 
work  can  only  come  after  considerable  experience  ;  local  prac* 
tices  must  largely  determine  what  is  necessary, 

307,  Office  Records,— 'The  surveyor's  office  when  well 
olanned  is  so  arranged  that  no  item  of  information  which 
promises  to  be  useful  shall  be  lost.  The  customary  methods 
of  indexing,  and  of  blockplats  for  keeping  notes,  do  not  take 
a  very  firm  hold  on  generallines  or  the  connections  between 
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subdiviiiions;  they  fail,  in  fact,  in  that  part  of  the  work  whic 
has  the  most  vital  relation  to  efforts  at  future   improveinent 
It  is  advisable  to  add  to  the  block-plats  and  indexes  a  gencr 
atlas  of  the  whole  town  for  office  use,  at  a  scale  of  say  too' 
to  the  inch,  so  that  an   area  nearly  half  a  mile  square  may 
appear  on  the  open  pages.     Such  an  atlas  may  show  the  notes 
of  the  general  lines  and  their  angles,  the  base-line  measure^ 
ments,  the   relation   of   subdivisions  to   one   another,  and 
variety  of  other  information  which  it  is  difficult  to  pick  out  ill 
the   widely  scattered    field-notes  which   first  gathered  the  in 
formation,  and  which^  with  their  larger   scale,  the   block-plats 
are  not  well  adapted  to  show  in  a  connected  form. 

There  are  filed  in  connection  with  deeds  many  plats  which 
do  not  appear  on  the  record    plat-books  of  the    recordertj 
office ;  these   need    to  be   indexed,  or,  better,  abstracted  fori 
office  use. 

The  field-notes,  when  prepared  for  the  surveyors  use  i%\ 
the  field,  should  show  in  an  accessible  and  portable  form  all 
the   information  which  the  office  contains  and  which  is  rele- 
vant to  the   survey  in   hand.     Labor  spent  beforehand  in  a 
thorough  preparation  of  accessible  information  is  labor  saved 

308.  The  Preservation  of  Lines  after  the    monument 
have  disappeared  is  accomplished  by  means  of  notes  on  build* 
ings,  marks  and  notes  on  curbing^  paving,  fences,  etc.     Note 
on  buildings  describe  not  only  the  character  of  th^  building 
but    the   particular   part   noted,  so   that  another   man,  yeaii 
afterward,  using  the  same  note  would  have  no  doubt  of  the 
identity  of  the  part.     In  a  growing  town  the  work  of  keeping 
up  the  notes  goes  on  without  ceasing, — buildings  are  remod- 
elled or  rebuilt*  streets  reconstructed,  destroying  old  marks. 
The  old  becomes  the  new*   so  constantly  that   the   surveyor 
who   would  preserve  the   information   which  he   already  has 
must  be  constantly  employed  at  the  work  of  renewal.     There 
is  no  place  either  in  the  street  or  out  of  it  where  the  surveyor 
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can  place  his  mark  and  say  to  all  comers,  "  Touch  not/*  It 
follows  that  whenever  it  is  necessary  to  use  any  mark,  about 
the  permanence  of  which  there  can  be  a  shadow  of  a  doubt, 
the  permanence  of  the  mark  must  be  shown  by  some  prac- 
ticable test ;  it  is  careless  to  assume  it. 

309.  The  Want  of  Agreement  between  Surveyors  arises 
rem  differences  of  information  or  of  judgment,  and  in  a  less 
legree  from  differences  of  skill.  These  are  all  just  as  human 
ilements  as  the  lawyer  deals  with  in  his  work.  Testimony  is 
ififected  by  the  interests  of  those  who  speak,  and  the  judg- 
nent  varies  with  the  temperament  of  the  individual.  Per- 
laps  one  of  the  most  difficult  lines  for  a  surveyor  to  draw  is 
hat  which  separates  his  confidence  in  his  own  skill  in  retrac- 
ng  a  survey  which  was  confessedly  inaccurate,  from  his  re- 
iance  on  testimony  which  is  evidently  biassed  as  to  the  posi- 
ion  or  disturbance  of  monuments,  and  other  facts  which 
nay  help  him  to  form  a  correct  judgment.  Errors  in  execu- 
ion  may  be  kept  within  such  limits  that  work  which  shows 
iifferences  in  closing  of  I  in  5000  should  be  retraced,  and  the 
Lverage  observed  differences  in  one  surveying  party's  work 
vill  not  exceed  i  in  2COCX).  Two  sets  of  men  working  to 
each  the  same  standard  may  err  in  opposite  directions,  so 
hat  differences  between  two  surveyors  may  reasonably  be 
rxpccted  to  be  somewhat  larger  than  either  would  tolerate  in 
lis  own  work. 


CHAPTER   XIII. 
THE   MEASUREMENT  OF  VOLUMES. 

310.  Proposition. — The  valmm    of  any  doubly4rmca\i 
prism  or  cylinder,  boufuied  by  plane  ends,  is  equal  to  the  arm  ^fi 
right  seciion  inio  tlie  length  of  the  element  throngk  tfte  centrr  ^" 
gravity  of  tkc  bases^  or  it  is  equal  to  the  area  of  either  base 
the  altitude  of  the  element  jaining  the  centres  of  gravity  af  tk^ 
bases,  measured perpendieuhtr  to  that  base. 

Let  ABCD,  Fig,  107,  be  a  cylinder,  cut  by  the  planes  I 
and  OB^  the  unsymmetrical  right  section  EF  being  shown  1 
plan  in  E'F.  Whatever  position  the  cutting  planes  may  havi 
if  they  are  not  parallel  they  will  intersect  in  a  line.  This  111 
of  intersection  may  be  taken  perpendicular  to  the  paper, 
the  body  would  then  appear  as  shown  \n  ihe  figure,  the  liu 
of  intersection  of  the  cutting  planes  being  projected  at  0^ 

Let  A  =  area  of  the  right  section  ■ 

^A  ==  any  very  small  portion  of  this  area* 
x=  distance  uf  any  element  from  O; 
then  ax  =  height  of  any  element  at  a  distance  x  from  0* 


An  elementar>^  volume  would  then  be  axJA^  and  the  totj 
volume  of  the  solid  v  ould  be  ^ax-^A. 

Again,  the  total  volume  is  equal  to  the  mean  or  avcri) 
height  of  all  the  elementary  volumes  multiplied  by  the. 
of  the  right  section. 

The  mean  height  of  the  elementary  vohtmes  is,  therefoi 
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a^xAA 


But 


^x6A 


is  the  distance  from  Oto  the 


of  gravity,  G,  of  the  right  section,^  and  a  times  this  dis- 
is  the  height  of  the  element  LK  through  this  point. 
;ore,  the  mean  height  is  the  height  through  the  centre  of 


:1^ 


o-^-^ -^ 


— -x-^ — 


Fjc  107. 

(r  of  the  base,  and  this  into  the  area  of  the  right  section 

volume  of  the  truncated  prism  or  cylinder.     The  truth 

alternative  proposition  can  now  readily  be  shown, 

"oliary.    When  the  cylinder  or  prism  has  a  symmetrical 

section,  the  centre  of  gravity  of  the  base  is  at  the  centre 

\  figure,  and  the  length  of  the  line  joining  these  centres 

mean  of  any  number  of  symmetrically  chosen  exterior 

Bts.     For  instance,  if  the  right  section  of  the  prism  be  a 

t  polygon,  the  height  of  the  centre  element  is  the  mean 

I  length  of  all  the  edges.     This  also  holds  true  for  paral- 

rams.  and  hence  for  rectangles.    Here  the  centres  of  gravity 


Is  shown  in  mechanics,  and  the  student  may  have  to  lake  It  fo! 
\  tempera  rtly. 
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of  the  bases  lie  at  the  intersections  of  the  diagonals ;  and  ^ 
these  bisect  each  other,  the  length  of  the  line  joining  tkj 
tersections  is  the  mean  of  the  lengths  of  the  four  edgei 
same  is  true  of  triangular  cross-sections, 

311,  Grading  over  Extended  Surfaces. — Lay  out 
area  \n  equal  rectangles  of  such  a  size  that  the  surfaces  oM 
several  rectangles   may  be  considered  planes.     For  comn 
rolling  ground  these  rectangles  should  not  be  over  fifty! 
on  a  side.    Let  Fig,  loS  represent  such  an  area*    Drive peg5l 
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the  corners,  and  find  the  elevation  of  the  ground  at  ei 
tersection  by  means  of  a  level,  reading  to  the  nearest  lentli 
a  foot,  and  referring  the  elevations  to  some  dat urn* plane  bcW« 
the  surface  after  it  Is  graded.     When  the  grading  is  compktei 
relocate  the  intersections  from  witness-points  that  \v'crepb«ii' 
outside  the  limits  of  grading,  and  again  find  the  elevations  aS 
these  points.    The  several  diflerences  are  the  depths  of  excaii'^ 
tion  (or  fill)  at  the  corresponding  corners-     The  contents  ol 
any  partial  volume  is  the  mean  of  the  four  comer  heights  inW 
the  area  of  its  cross-section.     But  since  the  rectangular  areas 
were  made  equal,  and  since  each  corner  height  will  be  used 

many  times  as  there  are  rectangles  joining  at  that  com   " 

have,  in  cubic  yards, 


V^ 


4X27 


[:^//,-f  2:^A,+32A,  +  4^Aj. 
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The  subscripts  denote  the  number  of  adjoining  rectangles 
tlie  area  of  each  of  which  is  A, 

From  this  equation  we  may  frame  a 

Rule. — Take  each  corner  height  as  many  times  as  there 
^Pg  partial  areas  adjoining  it,  add  them  all  together,  and  mul- 
j^^ly  by  one  fourth  of  the  area  of  a  single  rectangle.  T  lis 
Pelves  the  volume  in  cubic  feet.  To  obtain  it  in  cubic  yards. 
jB&vide  by  twenty-seven. 
*        If  the  ground  be  laid  out  in  rectangles,  30  feet  by  36  feet, 


*fcen 


1080 


=  10;  and  if  the  elevations  be  taken  to 


4  X  27        108 

^^e  nearest  tenth  of  a  foot,  then  the  sum  of  the  multiplied 
^^orner  heights,  with  the  decimal  point  omitted,  is  at  once  the 
**^c  amount  of  earthwork  in  cubic  yards.  This  is  a  common 
^^y  of  doing  this  work.  In  borrow-pits,  for  which  this  method 
**  peculiarly  fitted,  the  elementary  areas  would  usually  be 
^nnaller. 

In  general,  on  rolling  ground,  a  plane  cannot  be  passed 
^nrough  the  four  corner  heights.  We  may,  however,  pass  a 
plane  through  any  three  points,  and  so  with  four  given  points 
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on  a  surface  either  diagonal  may  be  drawn,  which  with  the 
bounding  lines  makes  two  surfaces.  If  the  ground  is  quite 
irregular,  or  if  the  rectangles  are  taken  pretty  large,  the  sur- 
veyor may  note  on  the  ground  which  diagonal  would  most 
27 
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nearly  fit  the  surface.  Let  these  be  sketched  in  as  shown  iti 
Fig.  ID9*  Each  rectangular  area  then  becomes  two  trianglcij 
and  when  coinputed  as  triangular  prisms,  each  corner  hciglil 
at  the  end  of  a  diagonal  is  used  twice,  while  the  two  other 
corner  heights  are  used  but  once.  That  is,  twice  as  iiitidi| 
weight  is  given  to  the  corner  heights  on  the  diagonals  as  tal 
the  others.  In  Fig,  lOQj  the  same  area  as  that  in  Fig.  108  ill 
show^n  with  the  diagonals  draw^n  which  best  fit! 
the  surface  of  the  ground.  The  numbers  atl 
the  corners  indicate  liow  many  times  cadil 
height  is  to  be  used.  It  will  be  seen  that! 
-"Ai  each  height  is  used  as  many  times  as  there  are] 
triangles  meeting  at  that  corner.  To  derive  I 
the  formula  for  this  case,  take  a  single  rectangle,  as  tn  Fig. I 
I  ID,  with  the  diagonal  joining  corners  2  and  4.  Let  A  be  the! 
area  of  the  rectangle.  Then  from  the  corollary,  p.  423.  wtj 
have  for  the  volume  of  the  rectangular  prism,  in  cubic  yards, 

zX2y\         3         "^         3         / 


Fifi.  lie. 
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(A.  +  2A.  +  //.4-2.4.)- 


.    .    ,    (2) 


For  an  assemblage  of  such  rectangular  prisms  as  shown  in 
Fig.  109,  the  diagonals  being  drawn,  we  have,  in  cubic  yards, 

where  A  is  the  area  of  one  rectangle,  and  the  subscripts  denot*^ 
the  number  of  triangles  meeting  at  a  corner. 
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As  a  check  on  the  numoering  of  the  comers,  Fig,  109,  add 
►m  all  together  and  divide  by  six.  The  result  should  be 
*  number  of  rectangles'  in  the  figure.  In  this  case,  if  the 
Wangles  be  taken  36  feet  by  45  feet*  or,  better,  40  feet  by  40.5 
^t,  then  the  sum  of  the  multiplied  heights  with  the  decimal 
int  omitted  is  the  nurfiber  of  cubic  yards  of  earthwork,  the 
nier  heights  having  been  taker-  out  to  tenths  of  a  foot. 

The  method  by  diagonals  is  more  accurate  than  that  by 
:tangles  simply,  the  dimensions  being  the  same;  or,  for 
ual  degrees  of  exactness  larger  rectangles  may  he  used  with 
igonals  than  without  them,  and  hence  the  work  materially 
Juced.  In  any  case  some  degree  of  approximation  is  neces- 
ry, 

312.  Approximate  Estimates  by  means  of  Contours. — 
I)  Whenever  an  extended  surface  of  irregular  outline  is  to 
)  graded  down,  or  filled  up  to  a  given  phne  (not  a  warped  or 
irved  surface),  a  near  approximation  to  the  amount  of  cut  or 
I  may  be  made  from  the  contour  lines.  In  Fig.  11 1  the  full 
irved  lines  are  contours,  showing  the  original  surface  of  the 
ound.  Every  fifth  one  is  numbered,  and  these  were  the  con- 
urs  shown  on  the  original  plat.  Intermediate  contours  one 
ot  apart  have  been  interpolated  for  the  purpose  of  making 
is  estimate*  The  figures  around  the  outside  of  the  bound- 
g  lines  give  the  elevations  of  those  points  after  it  is  graded' 
>wn.  The  straight  lines  join  points  of  equal  elevation  after 
ading;  and  since  this  surface  is  to  be  a  plane  these  lines  are 
rface  or  contour  lines  after  grading.  Wherever  these  two 
ts  of  contour  lines  intersect,  the  difference  of  their  elevations 
the  depth  of  cut  or  fill  at  that  point  If  now  we  join  the 
untH  of  equal  cut  or  fill  (in  this  case  it  is  all  in  cut),  we  ob- 
in  a  new  set  of  curves,  shown  in  the  figure  by  dotted  lines, 
lich  may  be  used  for  estimating  the  amount  of  earthwork, 
\ic  dotted  boundaries  aro  the  horizontal  projections  of  the 
aces  on  the  natural  surface  of   planes  parallel  to  the  final 
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graded  surface  which  are  uniformly  spaced  one  foot  apart t< 
tically.  These  projected  areas  are  measured  by  the  planimcl 
and  called  Ax^  A^,  A^  etc.  Each  area  is  bounded  by  t 
dotted  line  and  the  bounding  lines  of  the  figure,  since  onlh* 


iMiiiitinc  tints  mil  tlie  projecticKi^  of  all  the  traces  unite, 
«ltvpc  here  being  vctticaL  For  any  two  adjoining  layers 
V  N  ibe  prismowfal  fonmh*"  as  veU  mb  by  SimpsonV 


5 
ircftksd  dtstance  between 


I 


•r^tnh* 


facB«la  see  Art  314. 
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For  the  next  two  layers  we  would  have,  similarly » 


{2\ 


or  for  any  even  number  of  layers  we  would  have,  in    cabic 
yards. 


r  = 
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{Ay  f  4^,  +  2A^  +  iM*  +  2A^  + 


An).     U) 


ittrhere  n  is  an  odd  number,  h  and  A  being  in  feet  and  square 
leet  respectively. 

{B)  Whenever  the  final  surface  is  not  to  be  a  plane,  but 
warped,  undulating,  or  built  to  regular  outlines  like  a  fortifi- 
:ation,  a  reservoir  embankment,  or  terraced  grounds,  a  differ- 
ent method  should  be  employed. 

In  the  former  method  the  areas  bounded  by  the  dotted 
tne«>  were  areas  cut  out  by  planes  parallel  to  the  final  plane 
siirface,  passed  one  foot  apart  vcrtkali}^.  But  since  the  map 
shows  only  the  iwrinmtiai  project  ions  of  these  planes,  these  pro- 
jections, multiplied  by  the  vertical  distance  between  them, 
^ould  give  the  true  volumes. 

When  the  final  surface  is  not  to  be  a  plane,  proceed  as  fol- 
lows: First  make  a  careful  contour  map  of  the  ground.  Then 
lay  down  on  this  map  a  system  of  contour  lines,  corresponding 
in  elevation  to  the  first  set  of  contours,  but  in  a  different 
colored  ink»  which  will  accurately  represent  the  final  surface 
desired.  This  second  set  of  contours  would  be  a  series 
straight  lines  if  a  regular  surface,  composed  of  plane  faces,  wa 
to  be  constructed,  but  would  be  curving  lines  if  the  ground 
were  to  be  brought  to  a  final  curving  or  undulating  surface. 

The  closed  figures  bounded  by  the  two  sets  of  intersecting 
iCon tours  of  the  same  elevation  are  horizontal  areas  of  cut 
or  fill  J   separated  by  the  common  vertical   distance   between 
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contours*     The    volumes    here    defined     are    oblique    sol 

bounded  by  horizontal  planes  at  top  and  bottom,  and  ait 
species  of  prismoid.  The  volume  of  one  of  the^c  prisnioids 
found  by  applying  the  prismoidal  formula  to  it,  finding  the 
areas  by  means  of  a  planimeter,  and  taking  the  length  asi 


61 


vertical  distance  between  contours.  If  the  contours  be  dra^ 
close  enough  together,  then  each  alternate  contour-area  may 
used  as  a  middle  area,  and  the  length  of  the  prismoid  taken 
twice  the  vertical  distance  between  contours;  or  the  volui 
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k  ■ ■ — 

ftiay  be  computed  by  either  of  the  formulas  (12),  (13)^  (14),  or 
tl5)  of  Appendix  C,  where  the  /fs  would  here  become  the  end 
prcas  and  /the  vertical  distance  between  contours. 

Example  :  Let  it  be  required  to  build  a  square  reservoir  on 
a  hillside,  which  shall  be  partly  in  excavation  and  partly  in 
embankment,  the  ground  being  such  as  shown  by  the  full  con 
tour  lines  in  Fig.  iiia* 

The  contours,  for  the  sake  of  simplicity  and  brevity,  are 
spaced  five  feet  apart.  The  top  of  the  wall,  shown  by  the  full 
ines  making  the  square,  is  10  feet  wide  and  at  an  elevation  oi 
S60  feet.  The  reservoir  is  20  feet  deep,  with  side  slopes,  both 
hsidc  and  outside,  of  two  to  one,  making  the  bottom  elevation 
140  feet,  and  20  feet  square,  the  top  being  ico  feet  square  on 
lie  inside.  The  dotted  lines  are  contours  of  the  finished 
slopes,  both  inside  and  out,  at  elev-^ations  show^n  on  the  figure, 
rjie  areas  in  fill  all  fall  within  the  broken  line  marked  a  b  c  dc 
*"  g  h  i  A%  and  the  cut  areas  all  fall  within  the  broken  line 
n^ked  17  ^  c  d  f/ ^  0.  These  broken  lines  are  grade  lines, 
rhe  horizontal  sectional  areas  in  fill  and  cut  are  readily  traced 
^y  following  the  closed  figures  formed  by  contours  of  equal 
Uevation,  thus— 


^ 


At  640  foot  level  sectional  area  in  fill  Is/  ^  A 
"  6go     *'       "  "  **         ''        im  n  tivxL 

"    650     "       ^*  "  **  cut  is  I  3  3  w  .T. 


V 


The  other  areas  are  as  easily  traced.    In  the  figurt:  the  lines 
ave  all  been    drawn    m    black.     \\\  practice  they   should  be 
Srawn  in  different  colors  to  avoid  confusion. 

This  second  method  should  bu  used  in  all  cases  where  the 
graded  area  is  considerable  and  the  final  relief  form  is  not  a 
^lane.     If  the  contours  be  carefully  determined  and  be  taken 

'  This  fif ure  is  taken  from  a  paper  describing  the  metfiod  by  Prof,  Willimm 
aytsond. 
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near  enough  together,  the  method  will  give  as  accurate  resultil 
as  may  be  obtained  in  any  other  way.  The  volume  may  be] 
computed  by  eq,  (3)  of  this  article,  where  the  areas  are  Ihej 
horizontal  sectional  areas  bounded  by  contours  of  equal* 
vat  ion,  and  k  is  the  vertical  distance  between  contours. 

When  these  methods  are  used  for  final  estimates,  theco 
tours  -should  be  carefully  determined,  and  spaced   not  mo 
than  two  feet  apart  on  steep  slopes  and  one  foot  apart  on  Itiij 
^slopes, 

313.  The  Prismoid  is  a  solid  having  parallel  end  arraj 
and  may  be  composed  of  any  combination  of  prisms,  cylinda 
wedges,  pyramids,  or  cones  or  frustums  of  the  same,  wh 
bases  and  apices  lie  in  the  end  areas*  It  may  otherwise 
defined  as  a  volume  generated  by  a  right-line  generatrix  md^ 
ing  on  the  bounding  lines  of  two  closed  figures  of  any  siiap 
which  lie  in  parallel  planes  as  directrices,  the  generatrix  noj 
nece«isarily  moving  parallel  to  a  plane  director.  Such  a  m\^ 
would  usually  be  bounded  by  a  warped  surface,  but  it 
always  be  subdivided  into  one  or  more  of  the  simple  sc 
named  above. 

Inasmuch  as  cylinders  and  cones  are  but  special  forms 
prisms  and  pyramids,  and  warped  surface  solids  may  be  dividd 
into  elementary  fonns  of  them,  and  since  frustums  may  alai 
be  subdivided  into  the  elementary  forms,  it  is  sufficient  lof 
that  all  pri^moids  may  be  decomposed  into  prisms,  wedgd 
and  pyramids*  If  a  formula  can  be  found  which  is  cqua 
applicable  to  all  of  these  forms,  then  it  will  apply  to  any* 
bination  of  them.     Such  a  formula  is  called 

314.  The  Prismoidal  Formula. 
Let  A  =  area  of  the  base  of  a  prism,  wed^^e,  or  pyramid 

A^A^^A^^-  the  end  and  middle  areas  of  a  prismoid,  or  of  alj 
of  its  elementary  solids  ; 
k  =  altitude  of  the  prismoid  or  elementary  solid. 
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Then  we  have, 
^or  Prisms, 


l*or  Wedges, 


[For  Pyramids, 


V=kA=^{A,  +  ^^  +  A,y  .    ...    (I) 


>'=^=^(^.+4^-  +  A) (2) 


^=  j  =  g(^.  +  4^«  +  ^.).  ....    (3) 


f hence  far  any  combination  of  these,  having  all  the  common 
Ititude  A,  we  have 


V  =  ^{A,^aA„+A,), 


(4) 


trhich  is  the  prismoidal  formula. 

i  It  will  be  noted  that  this  is  a  rig-fd  formula  for  all  prismoids, 
l"he  only  approximation  involved  in  its  use  is  in  the  assump* 
lion  that  the  given  solid  may  be  generated  by  a  right  line 
ttioving  over  the  boundaries  of  the  end  areas* 

tXhis  formula  is  used  for  computing  earthwork  in  cuts  and 
s  for  railroads^  streets,  highways,  canals,  ditches,  trenches, 
'ees,  etc*  In  a!l  such  cases,  the  shape  of  the  figure  above 
ihe  natural  surface  in  the  case  of  a  fill,  or  below  the  natural 
hirface  in  the  case  of  a  cut,  is  previously  fixed  upon,  and  to 
tomplete  the  closed  figure  of  the  several  cross-section  areas 
]mly  the  outline  of  the  natural  surface  of  the  ground  at  the 
faction  remains  to  be  found.  These  sections  should  be  located 
jlo  near  together  that  the  intervening  solid  may  fairly  be  as* 
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sumed  to  be  a  prism oid.  They  are  usually  spaced  lOO  feet 
apart,  and  then  intermediate  sections  taken  if  the  irregularitiei 
seem  to  require  it. 

The  area  of  the  middle  section  is  never  the  mean  of  tte 
two  end  areas  if  the  prismoid  contains  any  pyramids  or  ci  n^ 
among  its  elementary  forms.  When  the  three  sections  arc 
similar  in  form,  the  dimensions  of  the  middle  area  are  akays 
the  means  of  the  corresponding  end  dimensions.  This  fad 
often  enables  the  dimensions,  and  hence  the  area  of  the  middtc 
section,  to  be  computed  from  the  end  areas.  Where  this  u% 
not  be  done,  the  middle  section  must  be  measured  on  the 
ground,  or  else  each  alternate  section,  where  they  are  equal 
spaced*  is  taken  as  a  middle  section,  and  the  length  of  tl 
prismoid  taken  as  twice  the  distance  between  cross-stctroi 
For  a  continuous  line  of  earthwork,  we  would  then  ha\% 
cubic  yards, 


V^  3-^(-4.+4^.+2^.+4^«+2^.+4^.  .  .  +^J,  .  (l| 


where  /  is  the  distance  between  sections  in  feet.     This  is  tb 
same  as  equation  (3),  p.  445,     Here  the  assumption  is  ma 
that  the  volume  lying  between   alternate  sections  confo 
sufficiently  near  to  the  pnsmoidal  forms. 

315.  Areas  of  Cross-sections.  —  In  most  cases,  in  practia 
at  least,  three  sides  of  a  cross-section  are  fixed  by  the  condition 
of  the  problem.  These  are  the  side  slopes  in  both  cuts  anJ 
fills,  the  bottom  in  cuts  and  the  top  in  embankments,  or  fillij 
It  then  remains  simply  to  find  where  the  side  slopes  will  ca 
the  natural  surface,  and  abo  the  form  of  the  surface  line  on  1 
given  section.  Inasmuch  as  stakes  arc  usually  set  at  the  pointi 
where  the  side  slopes  cut  the  surface,  whether  in  cut  or  fil( 
such  stakes  are  called  slope-stakes,  and  they  arc  set  at  the  timr 
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-section  is  taken.     The  side  slopes  are  defined  as  so 

orizontal  to  one  vertical.    Thus  a  slope  of  l^  to  I  means 

the  horiEontal  component  of  a  given  portion  of  a  slope^ 

is  i^  times  its  vertical  component,  the  horizontal  com- 

nt  always  being  named  first.     The  slope-ratio  is  the  ratio 

horizontal  to  the  vertical  component,  and  is  therefore 

the  same  as  the  first  number  in  the  slope-definition. 

'Or  a  slope  of  i|  to  i  the  slope-ratio  is  i|. 

The  Centre  and  Side  Heigrhts. — The  centre  heights 

3und  as  follows:  Place  in  one  column  of  the  note-book 

•urface  elevation  of  the  ground  at  the  centre   stake,  as 

En  the  level  book.     Then  take  off  from  the  profile  the 

hon  of  the  points  of  change  of  grade  only,  and  compute 

le  vat  ion  of  grade  at  each  station^  from  the  known  dis- 

pnd  grade.     Place  these  elevations  of  grade  in  a  column 

|side  the  first.     Then  take  the  difTcrences  and  put  in  a  third 

in  as  the  centre  heights.     These  centre  heights,  together 

the  width  of  base  and  side  slopes  in  cuts  and  in  fills,  are  the 

ary  data  for  fixing  the  position  of  the  slope-stakes*   When 

arc  set  for  any  section  as  many  points  on  the  surface 

Ining  them  maybe  taken  as  desired.     In  ordinary  rolling 

d  usually  no  intermediate  points  are  taken,  the  centre 

being  already  determined.     In  this  case  three  points  in 

face  line  are  known,  both  as  to  their  distance  out  from 

itre  line  and  as  to  their  height  above  the  grade  line. 

actions  are  called  **  three-level  sections,*'  the  surface  lines 

assumed  straight  from  the  slope-stakes  to  the  centre 


17.  The  Area  of  a  Three-level  Section* 

jCt  £/and  d'  be  the  distances  out,  and 

k  and  Ii  the  heights  above  grade  of  right  and  left  slope* 
stakes,  respectively; 

D  the  sum  of  e/and  d\  c  the  centre  height,  r  the 
slope-ratio,  w  the  width  of  bed. 


4P 


svj^r£yma 


Tiicn  ibr  area  ABCDE  is  eqyal  to  the  sum  of  the , 
,A£^»Cm,wCD.mdw£I}.     Or, 


w 


s  = 


^^-/V+(A  +  A')^ 


to  the  sum  of  the  triangles  fCi? 
AFB.     Or, 


\  2r  J  2         AT 


KD\ 


also  be  obtained  directly  fron^qlS 

for  if  and  U  in  (i)  their  values  in 


4^ 


tqa 


^  t  m ^»  8nd  then  putting  J}  =  d+d\    Equa 

-  fc^lrtt  r»^  ^f***^**!^^*  ^  ^"^  A  and  is  the  most  convefl 

-j^  0^S**«*^ti<>^*'ig^'— ^t  ^''I  be  seen  from  Fig,™ 

^^H  ^M^  elevations  to  be  determined  above  (or  ht 

'iK  -*tol  *^^  Jbtances  out  to  be  determined,     A  ref 

f^  icd,  checking  on  all  pre-established  bcni 

''  instrument  from  which  slope-stakes  ai 

of  instrument  "  is  taken  out,  and  lb< 

tHi:*  and  the  **  elevation  of  grade  "  figurei 

•ioMH,   the  **  elevation  of  grade"  having  I 

jm^tilc,  and  already  entered  up  for  all  stal 
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{id  "grade  points."  By  holding  the  rod  at  the  section  on 
ne  and  taking  a  reading,  and  subtracting  this  from  the  '*  height 
f  instrument,"  we  obtain  '*  elevation  of  profile**  at  that  sec* 
ion ;  subtracting  this  from  the  *'  elevation  of  grade  *'  for  that 
ection  in  fills,  and  ince  versa  in  cuts,  we  obtain  the  amount 
(f  fill  or  cut,  which  can  be  roughly  checked  from  the  profile 
tself,  if  desired.  The  Railroad  Field  Books  usually  give  forms 
or  keeping  these  notes.  If  the  ground  were  level  transversely, 
he  distance  to  the  slope-stakes  would  be 


I 


But  this  is  not  usually  the  case,  and  hence  the  distance  out 
must  be   found   by  trial.      If    the   ground   slopes  |  ^^^"  t 

from  the  centre  line  in  a  \         \  the  distance  out  will  evidently 

be  more  than  that  given  by  the  above  equation,  and  vice  versa* 
the  rodman  estimates  this  distance^  and  holds  his  rod  at  a  cer- 
tain measured  distance  out,  r/,.  The  observer  reads  the  rod, 
knd  deducts  the  reading  from  the  height  of  instrument  above 
Jrade  (or  adds  it  to  the  depth  of  instrument  below  grade),  and 
this  gives  the  height  of  that  point,  //^,  above  or  below  grade.   Its 

w 
distance  out,  then,  shanidh^d^kj^  + "«'     ^^  ^^'^  ^^  more  than 

ihe  actual  distance  out, ^,,  the  rod  is  set  farther  out;  if  less,  it 
:s  moved  in.  The  whole  operation  is  a  very  simple  one  in  prac- 
jce,  and  the  rodman  soon  becomes  very  expert  in  estimating 
learly  the  proper  position  the  first  time* 

In  heavy  work— that  is,  for  large  cuts  or  fills,  and  for  irrcgu- 
ar  ground — it  may  be  necessary  to  take  the  elevation  and  dfs- 
ance  out  of  other  points  on  the  section  in  order  to  better 
letermtne  its  area.  These  are  taken  by  simply  reading  on  the 
tid  at  the  critical  points  in  the  outlinCt  and  measuring  the  dis- 
ances  out  from  the  centre*    The  points  can  then  be  plotted 
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on  cross  section  paper  and  joined  by  straight  or  by  free-hand 
curved  lines.  In  the  latter  case  the  area  should  be  deter 
mined  by  pi  an  i  meter 

319.  Three-level  Sections,  the  Upper  Surface  coc^ 
sisting  of  two  Warped  Surfaces. — If  the  three  longitudina: 
lines  joining  the  centre  and  side  heights  on  two  adjacent  three 
level  sections  be  used  as  directrices,  and  two  generatrices,  ooi 
on  each  side  the  centre,  be  moved  parallel  to  the  end  areas  as 
plane  directers,  two  warped  surfaces  are  generated,  every  cros^ 
section  of  which  parallel  to  the  end  areas  is  a  three'levcl 
tion.  These  same  surfaces  could  be  generated  by  two  long 
tudinai  generatrices,  moving  over  the  surface  end-area  lines* 
directrices.  The  surface  would  therefore  be  a  prismoid,  and 
its  exact  volume  would  be  given  by  the  prismoidal  formulJ 
The  middle  area  in  this  case  is  readily  found,  since  the  centefl 
and  side  heights  are  the  means  of  the  corresponding  end  di-j 
mensions. 

The  prismoidal  formula,  giving  volumes  in  cubic  yards, 


6  X  27 
'  could  therefore  be  written 


(^,+4^„  +  ^,), 


OH 


+-('--+r>-]--TO--H 


This  equation  is  derived  directly  from  eq.  (i)  above,  and  eq^ 


IV  . 


(2),  p. 452,  The  quantity  *'■-  is  the  distance  from  the  grade-plane 
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to   the  intersection  of  the  side  slopes,  and  is  a  constant  for  any 
Bji^ven  piece  of  road.     It  would  have  different  values,  however, 
Sn  cuts  and  fills  on  the  same  line. 
^  ~ .    For  brevity,  let 

** '  w  Iv?  Iwc 

-  -  =  ..;         and        -^^-^  =  -^  =J5r. 

^ftl^re  K  is  the  volume  of  the  prism  of  earth,  100  feet  long,  in- 
[;^uded  between  the  roadbed  and  side  slopes.     It  is  first  in- 
'  "Cbluded  in  the  computation  and  then  deducted.     It  is  also  a 
;.*"^Ootjstant  for  a  given  piece  of  road. 
Equation  (2)  now  becomes 

^here  c^  and  D^  are  the  means  of  c^c^  and  A A»  respectively. 

This  equation  involves  but  two  kinds  of  variables,  c  and  Z?, 

^Jid  is  well  adapted  to  arithmetical,  tabular,  or  graphical  com- 

-  Putation.    Thus  if  /  =  100 ;  zi/  =  18 ;  and  r  =  i^ ;  then  ^0  =  6; 
^nd  ir=  200;  and  equation  (3)  becomes 

V^m  [(^.  +  6)A  +  (^,  +  6)A  +  4(^».  +  6)Z?„]  -  200  .  (4) 

If  the  total  centre  heights  (to  intersection  of  side  slopes)  be 
represented  by  C,,  C,,  and  C,n,  then  eq.  (3)  becomes,  in  general, 

F=Ar'(C,A  +  C',A  +  4CnA.)-^, .   .    .   (5) 

where  K  =  ^^,  and  is  independent  of  width  of  bed  and  of 
slopes. 

For  any  given  piece  of  road,  the  constants  AT,  AT',  and  c^  are 
known,  and  for  each  prismoid  the  C*s  and  D*s  are  observed. 
Iience  for  any  prismoid  all  the  quantities  in  eq.  (5)  are  known. 
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320.  Construction  of  Tables  for  Prismoidal  Computa* 
tion.  — U  a  table  were  prepared  giving  the  products  K  CD  foi 
various  values  of  C  and  /?,  it  could  be  used  for  evaluating 
equation  (3),  which  is  the  same  as  equation  (5).  The  argi*. 
ments  would  be  the  total  widths  (Z?,),  and  the  centre  heights 
(C/)*  Such  a  table  would  have  to  be  entered  three  times  for  j 
each  prismoid,  first  with  C^  and  D^\  second  with  C,  and  D\ 
and  finally  with  C^  and  D^.  If  four  times  the  last  tabtjli 
value  be  added  to  the  sum  of  the  other  two,  and  A!' subtracted 
the  result  is  the  true  volume  of  the  prismoid. 


VALUES  OF   fo 


(=  ^J  AND  A--  (=  -^-^  ^^^  VARIOUS  WIDTH il 


AND  K 

AND  SLOPES. 


Widtb 

of 
Rofid- 
be<i. 

Slopes. 

Hiol 

*«tol 

%  to  1. 

1  10  1. 

IHlDl. 

INtoL 

I3iCQl, 

2  to  4 

Q 

^ 

Q 

ir 

Q 

JT 

c. 

A^ 

Q 

A' 

C-^ 

A- 

^ 

A- 

c. 

^ 

10 

an 

J70 

to 

185 

6-7 

1*3 

S  0 

93 

4.0 

74 

6a 

5J 

i.S 

4^1 

11 

72 
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11 
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?  3 
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5  5 

11a 

4  4 

9« 

75 

^ 

>.t 

n 

ISI 

^4 
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t9 
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i7t 

6.0 
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4ft 
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89 

14 

l« 

3.6 

6t| 

IS 

36 

6^6 

13 

3»J 

i.7 

»9 

6.S 
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S"» 

1*5 

4  "J 
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3*7 
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J* 
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14 

^g 
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14 
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^  J 
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16 

J* 
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16 
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1.0 
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64 
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t3S 

40 

ml 

17 
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t<>To 

17 

S3S 

ri.j 
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1« 

3^ 

laoo 

i& 

6c» 
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*» 

9.0 

am 
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x» 

i7i 

4  J 

ip 

10 

38 

*I37 

19 

66g 

Ta,7 
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«'S 
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7^e 

=67 

933 

i^t 

4I 

iftr 

90 

4*? 

Mfii 

Alk 

740 

n  3 

4^ 
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^ 
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»1 

4> 
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HO 
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ble  XI,*  is  such  a  table,  computed  for  total  centre  heights 
t  to  50  feet,  atid  for  total  widths  from  I  to  100  feet, 
road  work  neither  of  these  quantities  can  be  as  small  as 
\Qt,  but  the  table  is  designed  for  use  in  all  cases  where 
ratlel  end  areas  may  be  subdivided  into  an  equal  number 
ngles  or  quadrilaterals, 

E_ — To  use  this  tabic  for  mean^nd^rea  volumes,  take  out  volumes  fot 
areas  only,  muJtiply  their  sum  by  ihrce,  and  then  subtract  the  volume  A", 
KPLB  I.      Thret  Itvd  Ground  having  t-wa    Warpid  Surfat€S.^-Y\XiA  tlie 
of  I  wo  prismoids  of  which  the  following  are  the  Keld-aotes,  the  width 
keing  20  feet,  and  the  slopes  i|  to  r. 


Scatlofi  ti. 


Station  la. 


Station  It  +  56. 


24.3 


+ 18.6 

o 
+  14.8 

o 


4?Q 

+  23.0 

+  20.  a 
349 


+  9  5  +10^3        +16.6 

the  table*  p.  456,  giving  values  of  C%  and  K^  we  find  for  w^%% 
1 1 1,  G  =  6,7,  and  A'  =  247. 
OEDputatJon  may  be  ubulated  as  folloivs: 


Widib. 

HctKht. 

pBjl^iftl  Volume. 

Volume  of 
Fmmoid. 

71  9 

25.3 

562                        1 

I 

6g.6 

23.4 

503  X  4  =  ^la 

\ 

67.4 

21.5 

447 
3021  -  247 

2774 

63  3 

19.2 

374  %A-U^ 

56 

593 

17.0 

311 
,56(2254  -  247) 

1 124 

I 


[eled  somewhat  after  Crandall's  Tables,  but  adapted  to  give  volumes 
l^rbmoidal  Formula  at  once  Instead  of  by  the  method  of  mean  end  areas 
i.  correcting  by  the  aid  of  another  table  to  give  prismoidal  volumes,  as 
pandall  has  done. 

numerators  are  the  dit unces  out»  and  the  denominators  are  the  heig htf 
fade,  +  denoting  cut  and  —  fill 

23 
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Eaten ng  the  table  (No.  Xl.)  for  a  width  of  71  and  a  h eight  of  a|,  vt  J 
548,  to  which  add  7  for  the  3  tenths  of  height,  and  7  more  for  the  9  tcntbiil 
width,  both  mentally,  thus  giving  56a  cu.  yds*  for  this  panial  volume,  SioKj 
larly  for  the  width  67.4,  and  hetghi  21.5,  obtaining  447  cu,  yds,  Thccortapi 
ing  result  for  the  middle  area  is  503^  whkh  is  to  be  multiplied  by  4.  \hwi\ 
2012  CM.  yds.  The  sum  of  these  is  3021  cu,  yds.,  from  which  is  to  be  subtratledl 
the  constant  volume  A'  which  in  this  case  is  247  cu.  yds,,  leaving"  3774  qi,  jdl J 
OS  the  volume  of  the  pnsmoid. 

The  next  prismoid  is  but  56  feet  long,  but  it  is  taken  out  Just  the  same  1 
though  it  were  full,  and  then  56  hundredths  of  ihe  resuUtng  volume  talttt j 
The  data  for  the  12th  station  is  used  in  getting  mU  result  without  writias  i 
again  on  the  page. 

Example  2.  Five-ievd  Ground  kainng  fmtr  Warped  Surf&ai.^xTA  ili*^ 
volume  of  a  pr  Is  moid  of  which  the  followmg  are  the  field*notes,  the  Tyi<ltJid, 
bed  being  20  feet,  and  the  slopes  i^  to  I ; 


tl. 


28.9 


tS-o 


-fi2.6        +12.0        +18.6 


H-2I.O 


43*0 

+23,0 


12. 


27  ■  j^  13.5  o  18^5  40^  3_ 

+11-4       +ia*o       +i4*a       +19.6       +20.  a 


This    is    the    same    problem    as    the    preceding,   with  intermediate 
added. 

To  compute  this  from  the  tabic,  it  is  separated  into  three  pmmortds,  isi 
In  Fig«  113. 


A        ^ 


Fig.  it|. 

Let  ABDGCFE  be  the  crosssection.  This  may  be  separated  into  the  Xtas^A 
ABC\  aud  Ihe  iwo  quadrilaterals  BCGD  and  ACFK.  The  arc*  of  the  triwgfpw 
ffw.     That  of  the  right  quadrilateral  \%  from  ArU  184,  p.  aog. 
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ailarly  the  area  of  the  left  quadrilateral  is      i    {c^h'){d'k j  +i'^A     . 

le  total  area  of  the  section  then  is 

\V{c  -  h')(d'k  -  ^  j  +  >&'^A  +  rw  +  kdi  +  {c-h)\dk  -  ~  )     •     •     •     (I) 

the  interior  side  elevations   be  taken   over  the   edges  of  the   base,  then 

w  w 

-  and  dk both  become  zero,  and  the  first  and  last  terms  disappear. 

the   centre  and  extreme  side  heights  are  the  same,  these  terms  go  out. 

rience  shows  that  these   terms  can   usually  be  neglected  without   material 

If  they  are  retained,  each  partial  volume  will  be  composed  of  five  terms, 

if  ihey  are  neglected  there  will  be  but  three.  The  signs  of  these  terms  also 
be  carefully  attended  to.  When  the  interior  side  readings  are  taken  over  the 
.  of  the  base,  therefore,  this  equation  t>ecomes 


A=i{k'd'k  +cw^kdk) 


(2) 


he  tables  are  well  adapted  to  compute  the  prismoidal  volume  for  five-level 
ms  by  either  of  these  formulae.  Thus,  if  the  adjacent  section  also  has  five 
s  determined  in  its  surface,  its  area  may  be  represented  by  an  equation  similar 
e  of  these,  and  from  these  end-area  data  mean  values  may  be  found  for  the 
»px)nding  middle-area  points,  and  the  volumes  taken  out  as  before.  In  this 
the  prism  included  between  the  road-bed  and  side- slopes,  whose  volume  is  A', 
t  included,  and  hence  its  volume  is  not  to  be  deducted  from  the  result.  The 
lutation  by  table  XI.  of  equation  (i)  would  be  as  follows  : 


*'.   ^*^ 


12.6  aS.g 


ii.4»7*r 


¥. 


A^ 


13 


18.6 
i«.7 


lfl.514.8 


^.' 


M.     d,. 


3J.O  43.0 


Piutid  Voiutnes. 


ii.5  19,6^.3  ?c.3  +3<ft«0-l-   q>  +  34=— ij—  4aa 


Total 
Volume. 


-4-94^109  + )T4-f  979— m  =  joo 


^9.9  30.3  4i.6ai.i      4{+6+ iQ^  +  Tna*  c^n- lalstBfO    y 


I 


■76  a- 
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The  tise  of  the  table  is  the  same  as  before.     First  take  out  fnam  tfae  Ubletliel 
volume  correaponding  to  (f  -^  //)(  f/'*  —  ^  ),  which  wheiv  evaluated  im  a*ctk»t 


'('-?)■ 


is  (1S.6  —  12,6)  (15.0—  10)  ^6,0  x  5.0,     This  is  positivie,  and  the  volowie  i 
^ponding  to  a  depth  of  6.0  feel  and  a  width  of  50  feet  is  9  cubic  yards,    fn 
\o  evaluate   the  remaining  terms    of    eq*  (ij   in  m  similar  manner,   the  Ust  Ifl 
coming  out  negative.     The  dimensions  of  ihe  mid  sccibn  are  the  means  d 
corresponding  end  dimensions,  as  before*     If  one  end-area  is  a  three  level ! 
and  the  next  a  five -level  sec  lion,  the  included  prismoid  is  computed  as  a  I 
prism  oid,  the  vanishing  potnts  in  the  three -level   section  corresponding^ 
interior  side  elevations  00  the  five- level  section  being  indicated  in  ihc  field, 
tial  stations,  or  prismoidsj  are  liri»t  computed  as  though  they  were  100  fett  I 
(for  which  the  table  is  constructed),  and  then  multiplied  hy  their  length  ud  dltiA 
by  100  as  before. 

If  equation  (2)  may  be  used,  the  work  is  shortened  very  muclu    The  coh 
in  M\  d'k  ,  (/*  ,  and  k,  may  be  omitted,  and  there  will  also  be  but  three  icnnsi 
each  partial  product*     Thus,  if  sections  11  and  12  had  hcen  taken  with  the  intei 
elevations,  each  10  feet  from  the  centre  Une,  we  might  have  had  somcllibj  < 
follows  : 


n. 


_?iiS_ 


43  Q 


+  12.6        +i5«4        +18*6        +19.8        -*-3a.o 


g?  y 


40-3 


-Hii*4        +12.5        -M4.8        4*17.4        +20.2 


The  computation  then^  by  eq.  (2},  would  have  been : 


Sta. 

^k* 

k'. 

f. 

1, 

-5i^ 

PkrtlaJ  Vi>luizie*, 

toUl 

It 
M 

12 

28.9 
37    J 

15  4 
14.0 

13.5 

16.7 
14.S 

19,8 

18-6 
i7.4 

43  0 
41-6 
40  3 

X37  ^  114  +  363  ^    514 
4  (131  ^  I03  +  339)  ^  1848 
104+    90  +  215    ^    409         1 

8771 

By  thb  method  the  computation  of  a  five-level  section  ii  little  more  ikj^^^^' 
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BLn  that  of  a  three-level  section,  and  yet  the  intennediate  pdnls  tnken  «t  a  dis- 

w 
ace  of  —  from  ihc   cenlrc^   arc  apt  to  Incre^i^e  the  accuracy  considerably  on 

itnajy  rolling  ground. 

321.  Three-l€i?el    Sections^   the    Surface    divided   into 
lur  Planes  by  Diagonals. — If  the  surface  included  between 

}iQ  three-level  sections  be  assumed  to  be  made  up  of  four 
tanes  formed  by  joining  the  centre  height  at  one  end  with  a 
de   height   at  the  other  end  see- 
on  on    each   side  the  centre  line 
^ig.  114),  these   lines  being  called 
iagonalSf  an  exact  computation  of 
ic  volume  is  readily  made  without 
imputing  the  mid-area.     Two  diag- 
na!s  are  possible  on  each  side  the 
^ntre   line   but    the  one  is  drawn 
liich  is  observed   to  most    nearly 
t  the  surface.     They  are  noted  in 
le  field  when  the  cross-sections  are 
aken. 
The  total  volume  of  such  a  prismoid  in  cubic  *  yards  is 


Fig.  114, 


+  ^  (^,  +  A,  +  //  +  /,,'  +  //,'  +  N')l. 


(>) 


Rrhere  Cu  A^  and  A/  are  the  centre  and  side  heights  at  one  sec- 
uon  and  di  and  d{  the  distances  out,  c^,  h^\  /r,,  d^,  and  rf,'  be* 


*  This  volume  ts  made  tip  of  sjjc  pyramids,  three  on  eacli  side  of  the  centre 
pkne,  these  having  their  apices  In  llic  side  heights  lo  whtch  the  Uiagonals  arc 
(ia*ii,  and  I  heir  W^scs  in  the  opposite  cru^^s-^iectloii,  in  the  centred  vertical  pli4(i«, 
*ndb  the  roadbed  respectively.     The  student  should  tierive  the  formulii. 
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ing  the  corresponding  values  for  the  other  end  section,   fa 
C  are  the  centre  heights,  H  and  H'  the  side  heights,  andi 
and   D*  the  distances   out   on   the    right  and  left  diagonJ 
Although  this  formula  seenis  long,  the  computations  byitj 
very  simple.  Thus  let  the  volume  be  found  from  the  follow 
field^notes  for  a  base  of  20  feet  and  side  slopes  li  to  i* 


A 


22 

0           47-5 
+  8        +25 

34 
+  16 

\   0      \    16 

+  4        +4 

The  upper  figures  indicate  the  distances  cut  and  tli<^ 
below  the  lines  the  heights,  the  plus  sign  being  used  for  cii 
The  computation  in  tabular  form  is  as  follows: 


Su. 

d. 

A. 

£. 

k*. 

^. 

d-^^. 

id+d'y. 

nc. 

I 

22 

8 

8 

as 

47^5 

69.5 

556 

.  *  ■■ 

M 

2 

L 

34 

// 

4 

4 
=  H 

=  ra 

16 

50.0 

aoo    \ 
BS 

BB 

tl 

1 

^S^'S  =  &5  X  10 

3 

=  650                       1 
6  )  162300                     1 

P 

s 

t7  )  27^3 
1001 

cu,  ymrr 

J 

The  great  advantage  of  the  method  consists  in  the  dj 

all  being  at  hand  in  the  field-notes. 

Hudson's  Tables  *  give  volumes  for  this  kind  of  prismotd 


*  Tables  for  Computing  the  Cubic  Contenis  of  EKcavations  and  Emb 
merits.     By  John  R*  Hudson,  C.E.     John  Wiley  5c  S^on^s.  Kew  York,  18&4.] 


r. 
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They  furnish  a  very  ready  method  of  computing  volumes  wheh 
this  system  is  uscd» 

222.  Comparison  of  Methods  by  Diagonals  and  by 
Warped  Surfaces. — Although  the  surveyor  has  a  choice  of 
t\%-o  sets  of  diagonals  when  this  method  is  used,  the  real  surface 
"^'ould  usually  correspond  much  nearer  the  mean  of  the  two  pairs 
of  plane  surfaces  than  to  either  one  of  them.  That  is^  the 
^^atural  surface  is  curved  and  not  angular,  and  therefore  it  is 
probable  that  two  warped  surfaces  joining  two  three-level  sec- 
"tions  would  generally  fit  the  ground  better  than  four  planes, 
^notwithstanding  the  choice  that  is  allowed  in  the  fitting  of  the 
planes.  More  especially  must  this  be  granted  when  the  truth 
*^l"  the  following  proposition  is  established. 

Proposition:  the  volume  imlndcd  between  two  ikreeJevel 
-^^ertions  hm*ing  their  corresponding  surface  lines  joined  by 
^^^€irpcd  surfaces^  is  exactly  a  mean  between  ike  two  volumes 
y<>rmed  between  the  same  end  sections  by  the  two  sets  of  planes  re- 
•^t^hmgfrom  the  two  sets  of  diagonals  which  may  be  drawn. 

If  the  two  sets  of  diagonals  be  drawn  on  each  side  the 
centre  line  and  a  cros>-section  be  taken  parallel  to  the  end 
^reas»  the  traces  of  tie  four  surface  planes  on  each  side  the 
'Centre  line  on  the  cutting  plane  will  form  a  parallelogram, 
^he  diagonal  of  which  is  the  trace  of  the  warped  surface  on 
this  cutting  plane.  Since  this  cutting  plane  is  any  plane  par- 
allel to  the  end  areas,  and  since  the  warped  surface  line  bisects 
the  figure  formed  by  the  two  sets  of  planes  formed  by  the 
diagonals,  it  follows  that  the  warped  surface  bisects  the  volume 
formed  by  the  two  sets  of  planes.  The  proposition  will  there- 
fore be  established  if  it  be  shown  that  the  trace  of  the  warped 
Surface  is  the  diagonal  of  the  parallelogram  formed  by  the 
traces  of  the  four  planes  formed  by  the  two  sets  of  diagonals. 
Fig.  IIS  shows  an  extreme  case  where  the  centre  height  is 
higher  than  the  side  height  at  one  end  and  lower  at  the  other. 
Only  the  left  half  of  the  prismoid  is  shown  in  the  figure.    The 


I 
I 


I 


I 
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cutting  plane  cuts  the  centre  and  side  lines  and  the  twodl 
nals  in  efgh  on  the  plane,  and  in  i'f'g*k*  on  the  vdj 
projection.  For  the  diagonal  c^d^  the  surface  lines  cue  oat 
e'f^  and  /'A'.  For  the  diagonal  c^d^  they  are  eg*  and  J 
For  the  warped  surface  the  line  cut  out  is  e'h\  this  bdn 


;ai,ot) 


**,.^ 


^M^ 


Frc.  xx% 


element  of  that  surface.     It  remains  to  show  that  t'f'Mi 

parallelogram- 
Si  nee  the  cutting  plane  is  parallel  to  the  end  plane? 
lines  cut  are  divided  proportionally.     That  is*  if  the  ci^ 
plane  is  one  n"^  of  /  from  r^,  then  it  cuts  off  one  n^^  of  a] 
lines  cut,  measured  from    that  end  plane.     But   if  the 
are  divided  proportionally,  the  projections  of  those  line! 
divided  proportionally,  and  hence  the  points  i\fth\£ 
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■*^^  sides  of  the  quadrilateral  d^^c,\c^^d^  proportionaUy.  But 
*  is  a  proposition  in  geometry  that  if  the  four  sides  of  a  quad- 
^^teral  or  two  opposite  sides  and  the  diagonals,  be  divided 
^I'opoirtionally  and  the  corresponding  points  of  subdivision 
Joined,  the  resulting  figure  is  a  parallelogram.  Therefore  i\/'A 
^  is  a  parallelogram,  and  ///'  is  one  of  its  diagonals  and  hence 
'bisects  it.  Whence  the  surface  generated  by  this  line  moving 
^'ongr/,  and  d,d^  parallel  to  the  end  areas  bisects  the  volume 
^^ffiied  by  the  four  planes  resulting  from  the  use  of  both  di- 
^Sonals  on  one  side  the  centre  line.  Q,  E,  D. 

It  is  probable*  therefore,  that  the  v,/arped  surface  would 
Usually  fit  the  ground  better  than  either  of  the  sets  of  planes 
formed  by  the  diagonals.  Furthermore,  the  errors  caused  by 
t^he  use  of  the  warped  surface  (Table  XL)  are  compensating 
^tT-org^  thus  preventing  any  marked  accumulation  of  errors  in 
^  series  of  prismoids,*  There  are  extreme  cases,  however, 
Such  as  that  given  in  the  example,  Fig.  114,  which  are  best 
Computed  by  the  method  by  diagonals. 

323.  Preliminary  Estimate  from  the  Profile^— If  the 
<^ross-sections  be  assumed  level  transversely  then  for  given 
^idth  of  bed  and  side  slopes,  a  table  of  end  areas  may  be  pre- 
pared in  terms  of  the  centre  heights.     From  such  a  table  the 


*  The  two  methods  here  discussed  arc  the  only  ones  that  have  anf  claims  to 

accuracy.     The  method  by  "  mean  end  areas."  wherem  the  volume  is  assum^-d 

IQ  be  ihc  mean  of  the  end  areas  imo  the  length,  always  gives  too  great  a  %^otum^ 

ie£cept  when  a  i^reater  centre  height  is  found  in  connection  with  a   less  total 

wtdtb.  which  seldom  occurs),    the  excess   being  ene  half  of  tht  volume  of  ikt 

fyt^mids  !tizfi}/zrt/  in  the  elemeniaty  J&rm^  &f  thf  prismoid.     This  is  a  large  error 

even  in  lei^el  iections,  and   very  much   greater  on   sloping  ground,   and  y^l 

it  is  tbe  basis  of  most  of  the  tables  used  in  computing  earthwork,  and  in   some 

Stiiiet  it  ts  legallied  by  statute.     Thus  in  the  example  computed  by  Henck's 

metbcxi  on  p.  46a  tbe  volume  by  mean   end   arcan   is  1193  cu.  yards;  by  the 

prismoidal  formula  it  is  1168  cu,  yards,  while  by  the  method  by  diagonals  it  was 

only  IC»1  cu.  yards.     This  was  an  extreme  case,  however*  and  was  selecled  to 

ihow  the  adaptation  of  the  meibod  by  diagonals  to  such  a  form. 


I 

I 
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end  are^s  may  be  rapidly  taken  out  and  phtted  as  ordimki 
from  the  gntde  lific.  The  ends  of  these  ordinates  may  \ht!\ 
be  joined  by  a  freehand  curve,  and  the  area  of  this  ctint 
found  by  the  planimcten  The  ordinatcs  may  be  plotted  to 
such  a  scale  that  each  unit  of  the  arca^  as  one  square  inch^ 
shall  represent  a  convenient  number  of  cubic  yards,  as  lOOQ 
The  record  of  the  planimeter  then  in  square  inches  and  thou, 
sandths  gives  at  once  the  cubic  yards  on  the  entire  Icnglhoi 
line  worked  over  by  simply  omitting  the  decimal  point.  Evi 
dently  the  scale  to  which  the  ordinates  are  to  be  drawn  to  give 
such  a  result  is  not  only  a  function  of  the  width  of  bed  'M 
side  slopes,  but  also  of  the  longitudinal  scale  to  which  the  pro^ 
file  line  is  plotted.     The  area  of  a  level  section  is 


A  ^wc-\-  rr". 


(I) 


where  w^  c^  and  r  arc  the  width  of  basej  centre  height,  atid 
slope-ratio  respectively. 

Now  if  h  ^  the  horizontal  scale  of  the  profile,  that  is  tic 
number  of  feet  to  the  inch,  and  if  one  square  inch  of  area  is  to 
represent  iooo  cu»  yards,  the  length  of  the  ordinate  must  be 


y^ 


kA 


IOOO  X  27 


27,000      ' 


W 


If  values  be  given  to  //,  ii%  and  r,  which  are  constants  (or 
any  given  case,  then  the  value  of  /becomes  a  function  off 
only,  and  a  table  can  be  easily  prepared  for  the  case  in  hand- 
Since/  is  a  function  of  the  second  power  of  r,  the  second  dif- 
ference will  be  a  constant,  and  the  table  can  be  prepared  by 
means  of  first  and  second  differences.  Thus  if  c  takes  a  small 
increment  J  as  l  foot,  then  the  first  difiference  is 


A*v  ^  -- 


27,000 


{w  +  2r£  +  r). 


(3) 
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tut  this  first  difference  is  also  a  function  of  c^  and  hence  when 

takes  an  increment  this  first  difference  changes  by  an  amount 

:qual  to 

k 


A'>- 


2700G 


2n 


(4) 


which  is  constant.  An  initial  first  difference  being  given  for  a 
certain  value  of  r,  a  column  of  first  differences  can  be  obtained 
by  simply  adding  the  ^'/  continuously  to  the  preceding  sum< 
With  this  column  of  first  differences  the  corresponding  column 
of  values  oi y  may  be  found  by  adding  the  first  differences  con- 
tinuously to  the  initial  value  of  7  for  that  column.* 

TABULAR  VALUES  0¥  y  IN  EQUATION  {2)  FOR  ©^=20,  r=  li  AND 

k  =  400. 


f 

o.'o 

0/1 

0/2 

D/3 

<*'4 

0/5 

0/6 

o'7 

o'S 

o-'9 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

a.w 

0.03 

cio£ 

Or09 

0.12 

o.is 

«*9 

Q^aa 

o.JS 

08 

.ja 

-3S 

.39 

.41 

-46 

49 

!!3 

-57 

.61 

■**    1 

.m 

.7a 

-76 

.So 

-84 

.as 

.93 

.96 

t.Ol 

i,og 

log 

in 

1.17 

i.as 

i.»6 

i.jt 

*  3S 

1,40 

i  45 

t.4« 

I.J4 

I.S9 

1.63 

1-^ 

t  73 

1.78 

..83 

i.sa 

193 

i  99 

3'0# 

a. 09 

a. 14 

2.19 

3.^ 

3.30 

^.36 

J.4I 

a.47 

3-3S 

»,S8 

».ei 

a,6Q 

a  75 

ST. So 

..87 

a.gsi 

».9» 

304 

3*10 

3^16 

J.M 

|.J» 

3  35 

3^4* 

3  47 

3-54 

360 

J.l^ 

3.73 

3  T9 

^M 

3.93 

3  9<f 

4  OS 

4  u 

4-19 

4.2S 

4P 

4>4**    1 

4  47 

4-54 

4.6a 

4,6a 

4 -73 

♦  .8a 

4.89 

4*97 

S.<H 

5.11 

10 

S.18 

5^*6 

5  3J 

S.40 

S4«     , 

5-S^ 

S.«4 

5.7^ 

5  79 

587 

11 

5-^S 

6.03 

6.  ID 

£.iS 

6,3« 

<^-IS 

6  43 

6.51 

6.59 

6.67 

1       Ta 

iS.7fi 

«.84 

6,ga 

7.90 

7  09 

7-8 

jM 

7-35 

7-43 

rs^ 

%l 

f-6i 

in 

7-7B 

7.16 

796 

S,05 

1.14 

8.83 

a.sa 

a,4t 

H 

8,50 

1.60 

s.ae 

8.77 

•8.87 

8^^7 

9,Dd 

9  16 

9-»5 

9  35 

n 

9  44 

^  S4 

^.ej 

9  7^ 

9B3 

994 

t«.a3 

1&.T| 

lo.aS 

16.33 

lA 

10,43 

10.53 

io.63 

10.73 

10.  Sj 

10.^ 

If. 04 

"   15 

ii.»5 

M.35 

t? 

It. 46 

K.0 

It. 66 

u,?7 

ti.SI 

lY.OCI 

t».IO 

ra.at 

ii^3> 

"43 

It 

1351 

ia.64 

<»  75 

i^  J6 

"97 

V3^^ 

i3.« 

13  33 

13. <a 

*3-54 

19 

t3.«S5 

"3-77 

il.i? 

13-99 

14.  «o 

Ma3 

<4-34 

14,47 

r^.^ 

14.70 

IP 

i4.ar 

M-93 

n-^ 

15.16 

ts.19 

'5.4* 

iS-53 

15.66 

15^  7« 

15*90 

*  For  a  furtb«r  exptJiitlon  of  this  subject,  **ec  Appendix  C 
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The  preceding  table  was  constructed  in  this  manner^ 

=  20  feet,  r  =  1 1 :  and  //  =  400  feet  to  the  inch. 

324*  Borrow-pits  are  excavations  from  which  earth  j 
been  *'  borrowed  *'  to  make  an  embankment.  It  is  genet 
preferable  to  measure  the  earth  in  cut  rather  than  in  fill*  he 
when  the  earth  is  taken  from  borrow-pits  and  its  volume  1 
be  computed  in  cut,  the  pits  must  be  carefully  staked  out  { 
elevations  taken  both  before  and  after  excavating.  The  mi 
ods  given  in  art*  311  are  well  suited  to  this  purpose,  or  I 
may  be  computed  as  prismoids  by  the  aid  of  Table  XL,  if 
ferred.  To  use  the  table  it  is  only  necessaiy  to  enter  it  \ 
such  heights  and  widths  as  give  twice  the  elementary  a 
(triangles  or  quadrilaterals)  into  which  the  end  sections 
divided,  and  then  multiply  the  final  result  by  the  length ^ 
divide  by  lOO.  The  tabic  is  entered  for  both  end^rea  dill 
sions  and  also  the  mid-area  dimensions,  four  times  this  la 
result  being  taken  the  same  as  before, 

325,  Shrinkage  of  Earthwork.— Excavated    earth 
increases  in  volume,  when  removed  from  a  cut  and  dumpet 
a  fill,  but  it  gradually  settles,  or  shrinks,  until  it  finally  ca 
to  occupy  a  less  volume  than  it  formerly  did  in  the  cut.    B 
the  amounts,  initial  increase  and  final  shrinkage,  depenc 
the   nature   of  the    soil,    its    condition   when    removed, 
the  manner  of  depositing  it    in  place-     There  can  thert 
be  no   general   rules   given   which   will  always   apply, 
ordinary  day  and  sandy  ham,  dumped  hos€i}%  as  from  Hi 
barrows,   the  first    imraue   is  about  one  twel/rA.   ami 
the  settlement  about  one  sixth  of  this  inereascd  volume^  . 
ing  a  final  volume  of  about  nim  tenths  of  the  original  v&^ 
in  cut. 

Embankments  made  with  carts  or  wagons  will  shrink 
the  first  volume  in  fill  from  five  to  ten  per  cent,  while  w 
scraper  work  will  shrink  from  one  to  five  per  cent,  depen 
on  the  condition  of  the  material  when  moved  and  the  wea 
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inditions  during  the  progress  of  the  work.  One  may 
dge  of  the  probable  shrinkage  by  estimating  the  propor- 
an  of  voids  which  will  probably  be  uhimately  filled  by 
ttlement. 

For  rock  the  permanent  increase  in  volume  is  from  60  to 
>  per  cent,  the  greater  increase  corresponding  to  a  smaller 
ftrage  size  of  fragment, 

326.  Excavations  under  Water— It  is  often  necessary  to 
etermine  the  volume  of  earthy  sand,  mud^  or  rock  removed 
'om  the  beds  of  rivers,  harbors,  canals,  etc.  If  this  be  done 
y  soundings  alone,  it  is  likely  to  work  injustice  to  the  con- 
"actor,  as  he  would  receive  no  pay  for  depths  excavated  below 
be  required  limit ;  and  besides,  foreign  material  is  apt  to  flow 
1  and  partially  replace  what  is  removed,  so  that  the  material 
ctually  excavated  is  not  adequately  shown  by  soundings 
fithin  the  required  limits,  it  is  common,  therefore,  to  pay 
3r  the  material  actually  removed,  an  inspector  being  usually 
jmished  by  the  employer  to  see  that  no  useless  work  is  done 
eyond  the  proper  bounds.  The  material  is  then  measured  in 
^e  dumping  scows  or  barges.  The  unit  of  measure  is  the 
ubic  yard,  the  same  as  in  earthwork.  There  are  two  general 
lethods  of  gauging  scows,  or  boats.  One  is  to  actually  meas- 
re  the  inside  dimensions  of  each  load,  which  is  often  done  in 
le  case  of  rock,  and  the  other  is  to  measure  the  displacement 
f  the  boat,  which  is  the  more  common  method  with  dredged 
sateriak  When  the  barge  is  gauged  by  measuring  its  dis- 
lacement,the  water  in  the  hold  must  always  be  pumped  down 
y  a  given  level,  or  else  it  must  be  gauged  both  before  and  after 
wading  and  the  depth  of  water  in  the  hold  observed  at  each 
luging,  A  displacement  diagram  (or  table)  is  prepared  for 
ich  barge,  from  its  actual  external  dimensions,  in  terms  of  its 
tean  draught.  There  should  always  be  four  gaugings  taken 
%  determine  the  draught,  at  four  syjji metrically  located  points 
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on  the  sides,  these  being  one  fourth  the  length  of  thel 
from  the  ends.     Fixed  gauge-scales,  reading  to  feet  and  tenths' 
may  be  painted  on  the  side  of  the  barge,  or  if  it  is  flat-bot* 
tomed,  a  gaiiging-rod,  with  a  hook  on  its  lower  end  at  the  zero  | 
of  the  scale,  may  be  used  and  readings  taken  at   these  four  j 
points.     Any  distortion  of  the  barge  under  its  load,  or  any 
unsymmetrical  loading,  will  then  be  allowed  fon  the  mean  i 
the  four  gauge-readings  being  the  true  mean  draught  of  tli 
boat* 

To  prepare  a  displacement  diagram,  the  areas  of  thesu 
faces  of  displacenient  must  be  found  for  a  series  of  depths  un 
formly  *jpaced.     This  series  may  begin  with  the  depth  for 
load,  the  hold  being  dry.     They  should  then  be  found  for< 
five  tenths  of  a  foot  up  to  the  maximum  draught.     If  the  boil 
has  plane  vertical  sides  and  sloped  ends  these  areas  are 
tangles,  and  are  readily  computed.     If  the  boat  is  modelled  1 
curved  lines,  the  w*ater-lines  can  be  obtained  from  the  original 
drawings  of  the  boat,  or  else  they  must  be  obtained  by  actual 
measurement.     In  either  case  they  can  be  plotted  on  papcij 
and  their  areas  determined  by  a  plani meter.     These  areas  %i 
analogous  to  the  cross-sections  in  the  case  of  railroad  earth- ' 
work,  and  the  prismoidal  formula  may  be  applied  for  compit- 
ing  the  displacement.     Thus. 

Let  A^,  A,  A^,  A^j  etc.,  be  the  areas  of  the  displaced  water  | 
surfaces,  taken  at  uniform  vertical  distances  //  apart,  Thea| 
for  an  even  number  of  intervals  we  have  in  cubic  yards 


h 


^"3^r^^^^+'^^+"^*+4^'+"''"^-^* 


(>l 


If  the  total  range  in  draught  be  divided  into  six  equal  pf* 
tions»  each  equal  to  h,  then  Weddel's  Rule*  would  give  a  J 


*  For  the  derLvalian  of  ibis  rule  see  Appcndiac  C* 
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pproximation.     With  the  same  notation  as  the  above 
Id  then  have,  in  cubic  yards, 

rules  are  abo  applicable  to  the  gauging  of  reservoirs, 

dfj,  or  of  any  irregular  volume  or  cavity. 
cr  the  displaced  volume  of  water  is  found,  the  corre- 
tg  volume  of  earth  or  rock  is  found  by  applying  a  proper 
t  coefficient.  This  coefficient  is  always  less  than  unity, 
the  reciprocal  of  the  specific  gravity  of  the  material. 
Tiu?;t  be  found  by  experiment.  In  the  case  of  soft  mud 
arly  unity,  while  with  sand  and  rock  it  is  much  more* 
ock  is  purchased  by  the  cubic  yard,  solid  rock  is  not 
but  the  given  quality  of  cut  or  roughly-quarried  rock, 
closely  as  possible.  When  rock  is  excavated,  solid 
nneant.  A  mctutired  volume  of  any  material  put  into  a 
dscmvy^lW  give  the  proper  coefficient  for  that  materiah 
if  the  measured  volume   F  give  a  displacement  of   V, 

t  =  C  is  the  coefficient  to  apply  to  the  displacement  to 

be  volume  of  that  material 

^^Tbe  CQmpmatiCJTi  of  '*  haul"  doe?;  not  properly  come  within  the  pmv- 
Wtih  work.  A  very  excellent  article  on  this  subject,  showing  the  use  of 
kAssciine*'  in  earth  work,  by  Prof,  Walter  L.  Webb,  will  be  fotjnil  in  the 
Hh^$  i>/  tht  Enginars'  Club  0/ PkiititUlphift^  vol.  xiv.  (1847),  p.  249,  anc! 
the  Ritilrpad  GaZitU  for  December  T7,  1897,  p.  SS5,  Also  a  paper  by  Prof- 
%k  Allen  in  JCutlriHid  Qiutt€  of  May  24,  1895,  p.  335, 


CHAPTER  XIV, 

GEODETIC  SURVEYlNa* 

327,    The  Objects  of  a  Geodetic  Survey  are  to  acaii 

determine  the  native  positions  of   widely  separated  points << 

the  earth's  surface  and  the  directions  and  lengths  of  tkte 

joining  them  ;  or  to  accurately  determine  the  n^^f^/ii/^ posiuoi 

(in  latitude,  in  longitude  from  a  fixed  meridian,  and  in  eta 

tion  above  the  sea-level)  of  widely  separated    points  on  t 

earth's  surface  and  the  directions  and  lengths  of  the  lines  p 

ing  them.  M 

In  the  first  case  the  work  serves  simply  to  supply  a  skII 

of  exact  distances  and  directions  on  which  to  base  a  more 

Ued  survey  of  the  intervening  country  ;  in  the  second,  th 

%ults  furnish  the  data  for  computing  the  shape  and  sizeol 

earth,  in  addition  to  their  use  in  more  detailed  survcvs. 

It  is  usually  desirable  also  to  have  some  knowledge  0 

titude  and  longitude  of  the  points  determined  in  the 

sc,  but  a  very  accurate  knowledge  of  these  would  noth 

ntial  to  the  immediate  objects  of  the  work.  ■ 

In  both  cases  the  points  determined  form  the  verticS 

erics  of  triangles  joining  all  the  points  in  the  system.     Oi 

>re  lines  in  this  system  of  triangles  and  all  of  the  angle 

er\' c;irefully  measured,  and  the  lengths  of  all  other  h'n 

[ic  system  computed.     The  azimuths  of  certain  lines  arc 

etcrmined,  and»  if  desired,  the  latitudes  and  longitudes  of  i 

the  points.     From  this  data  it  is  then  possible  to  com 

latitudes  and  longitudes  of  all  the  points  in  the  systcn: 

\  Al^pciiJix  F  for  a  discu?^*5ian  of  many  sut>j«cts  conslderefl  in  Ihk 


^ 
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^^gths  and   azimuths  of   all   the  connecting  lines.     The 

^  ^S-a  whole  is  denominated  triangiilatio7i, 

^^   *ne  measured  lines  are  called  base-lines,  the  points  dcter- 

^^d  are  triangulation-stations,  and  those  points  (usually  tri- 

.     Sulation-stations)  at  which  latitude,  longitude,  or  azimuth 

■        ^^rectly  determined  are  called  respectively  latitude,  longi- 

.       ^^»  or  azimuth  stations.     The  latitude  of  a  station  and  the 

^^Uth  of  a  line  are  determined  at  once  by  stellar  observations 

>^-.        ^^e  point.     The  longitude  is  found  by  observing  the  diflfer- 

^■^7^^  of  time  elapsing  between  the  transit  of  a  star  across  the 

.^  ^^^ridian  of  the  longitude-station  and  the  meridian  of  some 

j;  *  ^^^d  observatory  whose  longitude  is  well  determined.     An  ob- 

,     T^'Vcr  at  each  station  notes  the  time  of  transit  across  his  merid- 

^Ji,  and  each  transit  is  recorded  upon  a  chronograph-sheet  at 

^^h  station.     This  requires  a  continuous  electrical  connection 

J^tween  the  two  stations.     This  difference  of  time,  changed 

*^to  longitude,  gives  the  longitude  of  the  field-station  with  ref- 

^rence  to  the  observatory. 

328.  Triangulation  Systems  are  of  all  degrees  of  magni- 
tude and  accuracy,  from  the  single  triangle  introduced  into  a 
bourse  to  pass  an  obstruction,  up  to  the  large  primary  systems 
Covering  entire  continents,  the  single  lines  in  which  are  some- 
fimes  over  one  hundred  miles  in  length. 

The  methods  herein  described  will  apply  especially  to  what 
might  be  called  secondary  and  tertiary  systems,  the  lines  of 
ivhich  are  from  one  to  twenty  miles  in  length,  and  the  accu- 
racy  of  the  work  anywhere  from  i  in  5000  to  i  in  50,000.  Al- 
though the  methods  used  are  more  or  less  common  to  all  sys- 
tems, yet  for  the  primary  systems,  where  great  areas  are  to  be 
covered  and  the  highest  attainable  accuracy  secured,  many 
refinements,  both  in  field  methods  and  in  the  reductions,  are 
introduced  which  would  be  found  useless  or  needlessly  expen- 
sive in  smaller  systems. 

If  it  is  desired  to  connect  two  distant  points  by  a  system 
29 
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of  triangulation  at  the  least  expense,  then  use  system  L,  shown 
in  Fig.  116.  This  system  is  also  adapted  to  the  fixing  of  a 
double  row  of  stations  with  the  least  labor. 

If  such  distant  points  are  to  be  joined,  or  sucii  double  s;f^m 
of  stations  established,  with  the  greatest  attainable  acctirac)'. 
then  system  IIL  should  be  used.  This  system  is  also  best 
adapted  to  secondary  work,  where  it  is  desired  to  simplify  ihe 
work  of  reduction*  Each  quadrilateral  is  independently  re- 
duced. 

If  the  greatest  area  is  to  be  covered  for  a  given  degree  o( 
accuracy  or  cost,  then  system  II.  is  the  one  to  use. 

System  I.  consists  of  a  single  row  of  simple  triangles,  sys- 


Fig.  ii6. 


tern  IL  of  a  double  row  of  simple  triangles  or  of  simple  tri- 
angles arranged  as  hexagons,  and  system  III.  of  a  single  rorl 
of  quadrilaterals,  A  quadrilateral  in  triangulation  is  an  arrange- 
ment of  four  stations  with  all  the  connecting  lines  observed.  _ 
This  gives  six  lines  connectin*:  *is  many  pairs  of  stations,  overfl 
which  pointings  have  been  taktn  from  both  ends  of  the  line.       ^ 
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>rthe  same  maximum  length  of  lines  we  have  the  follow- 

jmparison  of  the  three  systems :  * 


CocopoAition. 


Diitance 
I  Covered  ► 


Equilateral  triangles. 
Hexagons, 
Quadrilaterals  (squarei). 


5 
4  95 


Kd^  of 


I  Total 

I  Side*. 


It 

17 
14 


19 

34 


Area 

Covered. 


4  5 

9 
3-5 


Ho,  of 
Candi  Lions. 


n  —  2  =    9 
711-14 


5 


5=    21 


3«  -  4  =  flS 


bus,  for  the  same  distance  covered,  the  number  of  sta* 
±o  be  occupied  and  the  total  length  of  lines  to  be  cleared 
re  about  one  half  more  for  systems  IL  and  IlL  than  for 
m  L  The  area  covered  by  system  IL  is  twice  that  by 
m  L,  but  the  number  of  conditions  is  much  greater  in 
m  II L  than  in  either  of  the  others.  Since  almost  all  the 
fin  triangulatiori  comes  from  erroneous  angle-measure- 
1^  the  results  will  be  more  accurate  according  to  our 
y  to  reduce  the  observed  values  of  the  angles  to  their 
.ralues.  The  *  conditions"  mentioned  in  the  above  table 
igid  geometrical  conditions,  which  must  be  fulfilled  (as 

ae  sum  of  the  angles  of  a  triangle  shall  equal  iSo"^).  and 

sre  of  these  geometrical  conditions  we  have,  the  more 
are  we  able  to  determine  what  the  true  values  of  the 
are.     The  work  will  increase  in  accuracy,  therefore,  as 

jmber  of  these  conditions  increases,  and  this  is  why  sys> 
ilL  gives  more  accurate  results  than  systems  L  and  IL 
will  be  made  clear  when  the  subject  of  the  adjustment  of 
iser\'ations  is  considered. 

The    Base-line    and    its    Connections, — The    line 

;  length  is  actually  measured  is  called  the  base-line.     The 


♦Taken  from  the  U.  S.  C.  and  G,  Survey  Report  for  1876, 
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lengths  and  distance  apart  of  such  lines  depend  on  the  cliaia^l 
ter  of  the  work  and  the  nature  of  the  ground*     Primary  1 
lines  are  from  three  to  ten  miles  in  length,  and  from 


CHICAGO 

BABE  LFNE  SYSTEM 

JSciUe  1 :  U0.O0O 
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600  miles  apart.  In  general,  in  primary  work,  the  distance  J 
apart  has  been  about  one  hundred  times  the  length  of  tkj 
base.     Secondary  bases  are  from  two  to  three  miles  in  leng 
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Fig.  ti8* 

and  from  fifty  to  one  hundred  and  fifty  miles  apart,  the  &t 
tance  apart  being  about  fifty  times  the  length  of  base*  Ter- 
tiary bases  are  from  one  half  to  one  and  a  half  miles  m  lengtk 

*  Taken  from  professional  papers,  Corps  of  Engineers  U*  S.  Array*  N®.  3* 
bein^  th«  final  report  on  the  Triangula t ion  of  the  United  S(atc5  Lake  Survey. 
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id  from  twenty-five  to  forty  miles  apart^  the  distance  apart 
ring  about  twenty-five  times  the  length  of  base.^ 

The  location  of  the  base  should  be  such  as  to  enable  one 
de  of  the  main  system  to  be  computed  ^vith  the  greatest 
KTuracy  and  with  the  least  number  of  auxiliary  stations  for  a 
iven  length  of  base.  In  flat  open  country  the  base  may  be 
tiosen  to  suit  the  location  of  the  triangulationstations  in  the 
tain  system  ;  but  in  rough  country  some  of  the  main  stations 
lust  often  be  chosen  to  suit  the  location  of  the  base-line.  In 
tg,  1 17  the  location  of  the  base-line  is  almost  an  ideal  one, 
eing  taken  directly  across  one  of  the  main  lines  of  the  sys- 
sni.  By  referring  to  Fig.  ti8  it  will  be  seen  that  the  line 
l^iUovr  Springs — Shot  Tower  is  one  of  the  fundamental  lines 
r  the  main  system,  and  the  base  is  located  directly  across  it, 
lere  the  ground  is  a  flat  prairie,  and  the  base  was  chosen  to 
lit  the  stations  of  the  main  system. 

The  station  at  the  middle  of  the  base  is  inserted  in  order 
J  (umish  a  check  on  the  measurements  of  the  two  portions 
s  well  as  to  increase  the  strength  of  the  system  by  increasing 
ae  number  of  equations  of  conditions*  Sometimes  it  is  neces- 
iiyto  use  one  or  more  auxiliary  stations  outside  the  base 
efore  the  requisite  expansion  is  obtained.  Thus  suppose  the 
taiions  Morgan  Park  and  Lombard  were  the  extremities  of 
he  line  of  the  main  system  whose  length  was  to  be  computed 
rom  this  base,  then  the  stations  Willow  Springs  and  Shot 
Tower  might  have  been  occupied  as  auxiliary  stations  from 
t^hich  the  line  Morgan  Park — Lombard  could  be  computed. 

330*  The  Reconnaissance. — A  system  of  triangulation 
laving  been  fixed  upon,  of  a  given  grade  and  for  a  given  pur- 


*  These  murvals  between  bases  are  in  accordance  with  the  practice  chat 
^  brtherto  been  foil  owed.  The  new  method  of  measuring  base-lines  with  a 
«el  (ape.  de^rfbed  b  Art*  339,  wiU  probably  chang^e  this  practice  by  canning 
IcsTe  hase^  to  be  Qieasured,  lea vi rig  much  shorter  intervals  m  be  cov^ed  by 
iig^lar  measuremctit. 
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pose,  the  first  thing  to  be  done  is  to  select  the  location  of  the 
base-line  and  the  position  of  the  base^stations.  The  base  sJiouk 
be  located  on  nearly  level  ground,  and  should  be  favorably  sit- 
uated with  reference  to  the  best  location  of  the  triangulation* 
stations.  These  stations  are  then  located,  first  for  expanding 
from  the  base  to  the  main  system*  and  then  with  regard  to  the 
general  direction  in  which  the  work  is  to  be  carried^  and  to  lbs 
form  of  the  triangles  themselves* 

No  triangle  of  the  main  system  should  have  any  angle  le* 
than  30''  nor  more  than  120°.  Although  small  angles  can  br 
measured  just  as  accurately  as  large  ones,  a  given  error  in  a 
small  angle,  as  of  one  second,  has  a  much  greater  effect  on  the 
resulting  distances  than  the  same  error  in  an  angle  nearjO', 
In  fact,  the  errors  in  distance  are  as  the  tabular  differences ini 
table  of  natural  sines,  for  given  errors  in  the  angles.  These 
tabular  differences  are  very  large  for  angles  near  o^  or  I8o^but 
reduce  to  zero  for  angles  at  90^.  The  best-proportioned  tri- 
angle is  evidently  the  equilateral  triangle,  and  the  best-propof* 
tioned  quadrilateral  is  the  square.  In  making  the  recomiais^ 
sance  the  object  should  be  to  fulfil  these  conditions  as  nearh' 
as  possible. 

The  most  favorable  ground  for  a  line  of  triangles  is  a  valley 
of  proper  width,  with  bald  knobs  or  peaks  on  either  side.  Sta^ 
tions  can  then  be  selected  giving  well<onditioned  triangH 
with  little  or  no  clearing  out  of  lines,  and  with  low  station*. 
In  a  wooded  country  the  lines  must  be  cleared  out  or  else  vfif)' 
tall  stations  must  be  used*  In  general,  both  expedients  ate  fe^ 
sorted  to.  Stations  are  built  so  as  to  avoid  the  greater  portion 
of  the  obstructions,  and  then  the  balance  is  cleared  out* 

So  much  depends  on  the  proper  selection  of  the  stations  in 
a  system  of  trtangulation»  as  to  time,  cost,  and  final  accuracj. 
that  the  largest  experience  and  the  maturest  judgment  shoufal 
be  made  available  for  this  part  of  the  work  The  form  of  the 
triangles  ;  the  amount  of  cutting  necessary  to  clear  out  the 
lines  and  the  probable  resulting  damage  to  private  interests 
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the  height  and  cost  of  stations,  and  the  accessibility  of  the 
same ;  the  avoidance  of  all  sources  of  atmospheric  disturbance 
on  the  connecting  lines,  as  of  factories,  lime-  or  brick  kilns,  and 

«t  Hke,  which  might  either  obstruct  the  line  by  smoke  or  In- 
duce unusual  refraction  from  heat ;  the  freedom  from  dis- 
rbance  of  the  stations  themselves  during  the  progress  of  the 
work^and  the  subsequent  preservation  of  the  marking-stones^ — 
these  are  some  of  the  many  subjects  to  be  considered  in  de» 
termini ng  the  location  of  stations. 

It  is  the  business  of  the  reconnaissance  party  not  only  to 
locate  the  stations,  but  to  determine  the  heights  of  the  same. 
A  station  that  has  been  located  is  temporarily  marked  by  a 
flag  fastened  upon  a  pole,  and  this  made  to  project  from  the 
top  of  a  tall  tree  in  the  neighborhood.  In  selecting  a  new 
station  it  is  customary  to  first  select  from  the  map  the  general 
locality  where  a  station  is  needed,  and  then  examine  the  region 
for  the  highest  ground  available.  When  this  is  found,  the 
tallest  trees  are  climbed  and  the  horizon  scanned  by  the  aid  of 
a  pair  of  field-glasses  to  see  if  the  other  stations  are  visible.  If 
no  tree  or  building  Is  available  for  this  purpose  ladders  may 
be  spliced  together  and  raised  by  ropes  until  the  desired  height 
is  obtained, 

331.  Instrumental  Outfit.^The  reconnaissance  party  re- 
quires a  convenient  means  of  measuring  angles  and  of  determ- 
ining directions  and  elevations.  For  measuring  angles  a  pocket 
sextant  would  serve  very  well,  provided  the  stations  are  distinct 
or  provided  distinct  range-points  in  line  with  the  stations  may 
be  selected  by  the  aid  of  field-glasses.  A  prismatic  pocket- 
compass  will  often  be  found  ver>^  convenient  in  finding  back 
^taUons  w  hich  have  been  located  and  whose  bearings  are  known. 
i  aneroid  barometer  is  desirable  for  determining  approxi- 
ate  relative  elevations.  For  methods  of  using  it  in  such 
Drk,  see  Chapter  VI.,  p.  136,  If  to  the  above-named  instru 
ments  we  add  field-glasses,  and  creepers  for  climbing  trees,  tli^ 
Rstrumcntal  outfit  is  fairU'  comoletc. 
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332.  The  Direction  of  Invisible  Stations.^It  often  hap 
pens  that  one  station  cannot  be  seen  from  another  on  accouni 
uf  forest  growth,  which  may  be  cleared  out.  In  such  a  case  ih 
station  may  be  located  and  the  line  cleared  from  one  statiom 
from  both,  the  direction  of  the  line  having  been  determmc 
This  direction  may  always  be  computed  if  two  other  pointi 
can  be  found  from  each  of  which  both  stations  and  the  oth^ 
auxiliary  point  are  visible.     Thus  in  Fig.  119  let  /! J?  be 

line  to  be  cleared  out,  and  let  C  and 
be  two  points  from  which  all  the  station 
may  be  sighted^  Measure  the  two  angM 
at  each  station  and  call  the  distance  C^ 
unity.  Solve  the  triangle  BCD  for  th 
side  BC^  and  the  triangle  ADC  for 
side  AC.  We  now  have  in  the  triang 
ABC  two  sides  and  the  Included  angle  i 
find  the  other  angles.  When  these  ail 
found  the  course  may  be  aHgned  from  either^  or  ^.  III 
often  happen  that  either  C  or  D  at  both  can  be  taken  at 
lar  stations.  Of  course  a  target  must  be  left  at  either  C  ori 
to  be  used  in  laying  out  the  line  from  A  or  B.  The  above  isi 
modification  of  the  problem  given  in  art.  1 10,  p.  107.  A  use  < 
this  expedient  will  often  greatly  facih"tate  the  work, 

333.  The  Heights  of  Stations  depend  on  the  tt\mi 
heights  of  the  ground  at  the  stations  and  of  the  intervenin 
region.  If  the  surface  is  level,  then  the  heights  of  stalioi 
depend  only  on  their  distance  apart.  In  any  case  the 
tance  apart  is  so  important  a  function  of  the  necessary  heig 
that  it  is  well  to  know  what  the  heights  would  have  to  bef^ 
level,  open  country. 

The  following  table*  gives  the  height  of  one  station  wb«j 
the  other  is  at  the  ground  level,  for  open,  level  country: 
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♦Taken  from  Report  of  U*  S.  Coast  and  Geotleiie  Survey  for  iS8i* 
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1214.2    1 

■ 

130.8 

18.3 

112. s 

47 

1474 -o 

206.3 

1267.7 

■ 

ISO.  I 

si.o 

129,1 

48 

rS37-3 

215.2 

1322,1 

■ 

.ITO^i 

^3  9 

146.9 

49 

1603.0 

234.3 

J377'7 

■ 

■P^^^ 

27.0 

165  8 

50 

1668. J 

233 -s 

1434-6 

Tti.i 

30^3 

1 8s.  9 

51 

1735.5 

243-0 

1492.5 

M 

240^9 

33-7 

207.  z 

55 

1804,2 

252,6 

1551.6 

■ 

266.9 

37-4 

229.5 

53 

1874.3 

263.4 

1611,9 

■ 

94.3 

41  2 

253.1     1 

54 

^945- 7 

272,4 

1673*3 

■ 

3112,9 

45-2 

277-7 

55 

2018.4 

282,6 

1735-8 

■ 

353^0 

49-4 

303^6 

56 

2092-5 

292.9 

1799-6   1 

■ 

384-3 

53^8 

330.5 

57 

2167.9 

303.5 

1864.4 

■ 

417,0 

58.4 

358.6     i 

58 

2344.6 

3M.2 

i93«-4 

■ 

451   I 

63.1 

388,0 

59 

2322.7 

325.2 

1997-5 

■ 

1    436.4 

68. T 

418.3 

60 

2402 . 1 

336.3 

2065,8 

■ 

1    ^^^^ 

73-2 

449  9 

61 

2482,8 

347.6 

2135-2 

■ 

I    561-3 

78.6 

433,6 

63 

2564.9  1 

359-1 

2205,8 

■ 

T  600. s 

84*1 

516.4 

63 

2648.3 

370-8 

2277*5 

■ 

J   641.2 

89  3 

551-4 

64 

2733-0 

382.6 

3350.4 

■ 

1    6833 

95*7 

587^6 

65 

2819.1 

394.7 

2424.4 

■ 

1    726.6 

101.7 

624.9 

66 

2906. 5 

406,9 

2499*6 

1 

m 

^^^ 

J 
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Curvature  = 


square  of  distance 
mean  diameter  of  earth  ' 


Log  curvature  =  log  square  of  distance  in  feet  —  7.62OJ 

Refraction  —  -^  tn,  where  K  represents  the  distance  ill 

R  the  mean  radius  of  the  earth  (log  R  =  7.3199507),  and  1 
coefficient  of  refraction**  assunned  at  .070*  its  mean  value 
coast  and  interior. 


Curvature  and  refraction  =  (i  —  2m)  -5. 


Or,  calling  A  the  height  in  feet,  and  A'  the  distance  in  si 
miles,  at  which  a  line  from  tlic  height  A  touches  the  hoi 
taking  into  account  terrestrial  refraction,  assunned  to  be  c 
same  value  as  In  the  above  table  (070),  we  have 


K^ 


'7S75' 


k^ 


17426' 


The  following  examples  will  serve  to  illustrate  tlie 

the  preceding  table  : 

L  Eievatian  af  Inst rununt  required  to  overcmne  Curv 
and  Rf/ract ion,— Ltt  us  suppose  that  a  line*  A  to  JS,v^ 
miles  in  length  over  a  plain,  and  that  the  instrument  con 
elevated  at  either  station,  by  means  of  a  portable  tripo4 
height  of  20  or  30  or  50  feet.  If  we  determine  upon  3<^.; 
at  A^  the  tangent  would  strike  the  curve  at  the  distanci 
resented  by  that  height  in  the  table,  viz.,  8  miles,  leavin 
curvature  (decreased  by  the  ordinary  refraction)  of  ro  mi 
be  overcome.     Opposite  to  10  miles  we  find  57,4  feet 


•'See  diiicussion  on  refmctiQti,  Atis.  396-8, 
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gnal  at  that  height  erected  at  B  would,  under  favorable 
if  met  ion,  be  just  visible  from  the  top  of  the  tripod  at  A,  or 
t  on  the  same  apparent  leveh  If  we  now  add  8  feet  to  tripod 
id  8  feet  to  signal-pole,  the  visual  ray  would  certainly  pass  6 
set  above  the  tangent  point,  and  20  feet  of  the  pole  would  be 
jsible  from  A. 

IL  Ein>ai ions  required  at  given  Disiauas. — -If  it  is  desired 
\  ascertain  whether  two  points  in  the  reconnaissance,  csti^ 
lated  £0  be  44  mites  apart,  would  be  visible  one  from  the 
Jier,  both  cievations  must  be  at  least  278  feet  above  mean 
tie,  or  one  230  feet  and  the  other  331  feet,  etc.  This  sup- 
ises  that  the  intervening  country  is  low,  and  that  the  ground 

the  tangent  point  is  not  above  the  mean  surface  of  the 
there.  If  the  height  of  the  ground  at  this  point  should  be 
ND  feet  above  mean  tide,  then  the  natural  elevations  should 
I  47S  or  430  and  531  feet,  etc.*  in  height,  and  the  line  is 
irely  possible.  To  insure  success,  the  theodolite  must  be 
evated  at  both  stations  to  avoid  high  signals* 

Since  the  height  of  station  increases  as  the  square  of  the 
stance,  it  is  evident  that  the  minimum  aggregate  station 
tight  is  obtained  by  making  them  of  equal  height.  Or,  if 
ic  natural  ground  is  higher  at  one  station  than  the  other, 
ten  the  higher  station  should  be  put  on  the  lower  ground — 
^it  is,  when  the  intervening  country  is  level.  If,  however, 
le  obstruction  is  due  to  an  intervening  elevation,  the  higher 
stion  should  be  the  one  nearer  the  obstruction* 

Sometimes  a  very  high  degree  of  refraction  is  utilized  to 
lake  a  connection  on  long  lines.  Thus  on  the  pTimar>^  trian- 
fjlation  of  the  Great  Lakes  three  lines  respectively  100,  93, 
pd  92  miles  in  length  were  observed  across  Lake  Superior, 
iiich  could  not  have  been  done  except  that  the  refraction  was 
>und  sometimes  to  exceed  twice  its  average  amount.  The  line 
?^m  station  Vulcan,  on  Keweenaw  Point,  to  station  Tip-Top 
I  Canada,  was  100  miles  in  length.     The  ground  at  station 
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Vulcan  was  736  feet  above  the  lake,  and  the  observing  station  | 
was  elevated  75  feet  higher,  making  Sol  feet  above  the  surface  j 
of  the  lake.     The  station  at  Tip-Top  was  1523  feet  above  ti 
lake,  the  observing  tripod  being  only  3  feet  high.     From 
above  table  we  find  that  the  line  of  sight  from  Vulcan  wouli 
become  tangent  to  the  surface  of  the  lake  at  a  distance  of  57J 
miles,  and  that  from  Tip-Top  at  a  distance  of  51.5  miles,  thij 
leaving  a  gap  of  about  eleven  miles  between  the   points 
tangency,  for  ordinary  values  of  the  refraction.     If  this  iittfl 
val  were  equally  divided  between  the  two  stations  and  tlie 
raised  to  the  requisite  height,  we  would  find  from  the  tab 
that  Tip-Top  would  have  to  be  elevated  some  340  feet 
Vulcan  some  260  feet.     Since  this  was  not  done,  we  mustcoi 
elude  that  an  occasional  excessive  value  of  the  refraction  1 
sufficient  to  bend  these  rays  of  light  by  about  these  amou 
in  addition  to  the  ordinary  curvature  from    this  source 
other  words,  the  actual  refraction  when  one  of  these  %% 
was  visible  from  the  other  must  have  been  more  than  doub 
its  mean  amount* 

The  following  is  a  synopsis  of  the  heights  of  the  statioii 
built  for  the  observation  of  horizontal  angles  in  the  primal^ 
triangulation  of  the  Great  Lakes : 


Total  number  of  statloiis  * , ,.,,,.,. ., . 

Com  bi  ned  height  of  stalions . . .  * ,  ^  * « •   Inf,  100 

Average  height  of  suiions *,, ,. ..,,,,.,,.    ...,*..*»        5S 

A verisgfc  height  of  stations  from  Chicago  10  Buffalo .**,.,,,.        Si,j 

Number  of  siations  less  than  to  feel  high ..*,*...,,, 


from  10 

feet  to  24 

M   2^ 

-   4g 

•'  50 

"   74 

"   75 

"   99 

"  100 

**  T09 

"  no 

*  119 

*       «*  ISO 

"'  1^4 

•Only  stations  huHi  expressly  for  the  work  are  here  Included.     SometuX' 
tuildidgs  or  towers  were  utilised  Id  addition  to  theso. 
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Tbe  heights  above  ^ven  are  the  heights  at  whidi  the  m- 
ttrument  was  located  above  the  ground.  The  targets  were 
iUally  elevated  from  5  to  30  feet  higher. 

The  excessive  heights  of  the  stations  from  Chicago  to 
Stiffalo  are  due  to  the  country  being  very  heavily  timbered, 

d  the  surface  only  gently  rolling.  In  the  vicinity  of  Lake 
Superior  they  averaged  only  about  35  feet  high,  while  from 
Buffalo  to  the  eastern  end  of  Lake  Ontario  they  averaged  51 
feet  in  height, 

334.  Construction  of  Stations.— If  ft  is  found  necessary 

build  tall  stations,  two  entirely  stiparate  structures  must  be 


t»>aCRVtNG  TRIFOD 


FiC    ISKJ. 


rcctedp  one  for  carrying  the  instrument  and  one  for  sustain- 
igthe  platform  on  which  the  observer  stands,  These  should 
ave  no  rigid  connection  with  each  other*  These  structures  are 
liown  in  plan  and  elevation  in  Figs.  120  and  121*  The  innef 
station  is  a  tripod  on  which  the  instrument  rests;  this  Is  sur- 
ounJed  by  a  quadrangular  structure,  shown  separately  in  ele- 
"^tion  to  prevent  confusion.  Both  structures  are  built  entirely 
*f  wood,  the  outer  one  being  usually  carried  up  higher  than 
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the  tripod  (not  shown  in  the  drawing),  and  the  target  fixed  to 
its  apex.  This  upper  framework  serves  also  to  support  29 
awning  to  shade  the  instrument  from  the  sun.  For  lower  si 
ttons  a  simpler  construction  will  serve,  but  the  observer's  pli 
form  must  in  all  cases  be  separate  from  the  instrument  tnpoA" 
The  wire  guys  and  wooden  braces  shown  in  Fig.  120  were  ni 
used  on  the  U.  S.  Lake  Survey  stations. 

For  stations  less  than  about  15  feet  in  height  the  di 
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GROUND  PLAN  BCole    ^ 

Fig.  Ill, 


shown  in  Figs<  122  and  123  may  be  used.  Here  the  oute 
platform  on  which  the  observer  stands  is  entirely  separate  froffl 
the  tripod  which  supports  the  instrument  For  ground  station 
a  post  firmly  planted  serves  very  welt,  or  a  tree  cut  oflf  to  th 
proper  height.  The  common  instrument  tripod  will  seldom  I 
found  satisfactory  for  good  work-  Sometimes  extra  heavy  ao 
^able  tripods  of  the  ordinary  pattern  have  given  exccUemi 
suits* 

335,  Targets. — The  requisites  of  a  good  target  are  that  I 
ihail  be  clearly  visible  against  all  backgrounds,  readily  bis 
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able  of  being  accurately  centred  over  the  station,  and 
ucted  that  the  centre  of  the  visible  portion,  wheiher 
in  shade,  shall  coincide  with  its  vertical  axis. 


FlQ.    132. 


lot  easy  always  to  fulfil  these  conditions  satisfactorily. 
:  visible  against  Hght  or  dark  backgrounds,  it  is  well 


it  in  alternating  black  and  white  belts*     For  ready  bi- 
;  should  be  as  narrow  as  possible  for  distinctness.  This 
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by  making  the  width  subtend  an  angle  olj 
seconds  of  arc     Since  the  arc  of  one : 
of  an  inch  for  one-mile  radius,  an  angle  of) 
«tNiM  give  a  target  one  tenth  of  a  foot  in  diameta 
distances,  or  one  foot  in  diameter  for  ten  mile 
Something  depends   on   the  magnifying  powe 
ickscepe  used.     The  design  shown  in  Fig.  124  will 


f"'^  '**^  Fig.  1,5. 

Illy  satisfy  the  conditions  as  to  rigidity  and  convemS 
»lcring»     Of  course  it  should  stand  vertically  overj 
go  that  a  reading  could  be  taken  on  any  part  ofj 
The   last   condition   is  not  so  easily  satisfied, 
pr  or  cone  be  used  the   illuminated  portion   only 
when  the  sun  is  shining,  and  a  bisection  on  this] 
several  inches  to  one  side  of  tiic  true  axis. 
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The  target  is  then  said  to  present  a  phase,  and  corrections 
'  this  are  sometimes  introduced.  It  is  murh  better,  however, 
use  a  target  which  has  no  phase.  If  the  target  is  to  be  read 
^stly  from  one  general  direct i on »  a  surface,  as  a  board,  may 

used  ;  but  if  the  target  is  to  be  viewed  from  various  points 
the  compass,  then  from  those  stations  which  lie  nearly  in  the 
Ltie  of  the  target  it  would  not  be  visible,  from  its  width  being 
greatly  foreshortened. 

In  this  case  two  planes  could  be  set  at  right  angles,  one 
pve  the  other.  One  or  both  would  then  be  visible  from  all 
tnts,  and  since  their  axes  are  coincident,  either  one  could  be 
fed.  The  objection  to  this  would  be  that  the  upper  disk  would 
»t  its  shadow  at  times  on  the  lower  one,  leaving  one  side  in 
li  and  the  other  in  shade,  thus  giving  rise  to  the  very  evil  it 
sought  to  eliminate,  A  very  satisfactory  solution  of  this 
oblem  was  made  on  the  Mississippi  River  Survey  by  means 
the  following  device  (Fig,  125):  Four  galvanized-iron  wires, 
•out  three-sixteenths  inch  in  diameter,  are  bent  into  a  circle  of, 
y,  four  inches  in  diameter,  and  soldered.  To  these  four  circles 
e  attached  four  vertical  wires  about  one  fourth  inch  in  diam- 
fcr  and  four  feet  long,  as  shown  in  the  accompanying  figure* 
|1  joints  to  be  securely  soldered,  the  size  of  the  wire  increai- 
g  with  the  size  of  tiie  target.  The  target  is  now  divided  into 
number  of  zones  by  stretching  black  and  white  canvas  alter* 
jttely  and  in  opposite  ways  between  the  opposing  uprights, 
faking  diametral  sections.     If  there  are  more  than  two  zoncs^ 

ose  marked  by  the  same  color  should  have  the  canvas  cross- 
in  different  ways,  so  that  if  one  plane  is  nearly  parallel  to 

y  line  of  sight  the  other  plane  of  this  color  will  be  nearly  at 
t  angles  to  it.     This  target  has  no  phase,  is  visible  against 

y  background,  and  readily  mounted-  A  wooden  block  may 
inserted  at  bottom*  with  a  hole  in  the  axis  of  the  target, 
ay  then  be  set  over  a  nail  marking  the  station.     The 

ret  ts  held  at  top  by  wire  guys  leading  off  to  stakes  in  the 
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inch  to  the  mile  distance.     On  the  best  work  with  large  \m 
ments  it  should  subtend  an  angle  of  less  than   one  hai 
second,   the    miniTnum    effective  opening  depending  ali 
wholly  on  tlic  condition  of  the  atmosphere** 

Whatever  form  of  heliotrope  is  used,  an  attendant  is 
quired  to  operate  the  apparatus*     Evidently  it  can   be 
only  on  clear  days,  whereas  cloudy  weather  is   much 
adapted  to  this  kind  of  work,  since  the  atmosphere  then  ti 
mits  so  much  clearer  and  steadier  an  image. 

The  heliotrope  can  be  used  as  a  means  of  communicati 
between  distant  stations  by  some  fixed  code  of  flashing 
nals,  and  it  has  been  so  used  very  often  with  great  advanl 
to  the  work.     The  attendant  on  the  heliotrope,  usually 
a  flasher,  can  thus  know  when  the  observer  is  reading 
nals,  when  he  is  through  at  that  station,  and,  in  general,  cut 
ceive  his  instructions  from  his  chief  direct   from   the  disti 
station. 

337.  Station  Marks. — If  the  triangulation  is  to  ser\^f  fi| 
the  fixing  of  points  for  future  reference,  then  these  points  nn 
be  marked  in  some  more  or  less  permanent  manner,     lirtl 
case  the  station  has  been  chosen  with  this  in  view,  so  that 
possible  it  has  been  provided  that  even  the  surface  forati 
feet  around   the  station  shall  remain  undisturbed.      To  insui*] 
against  disturbance  from  frost  or  otherwise,  the  real  mark  » 
usually  set  several  feet  underground.     Many  different  flicaJ 
are  employed  to  mark  these  points.     The  underground  m* 
is  to  serve  only  when  the  superficial  marks  have  becii 
turbed,  there  being  always  left  a  mark  of  some  kind  projcdii 
above  ground.     On  the  U.  S,  Lake  Survey,  **  the   geod< 
point  is  the  centre  of  a  ^-inch  hole  drilled  in  the  top-of  a  stoitf 

*  Reflected  siunlight  has  been  seen  a  distance  of  sixiy  mnes,  through  rt 
cjpcning  one  inch  in  diaTTieter;  which  then  subtended  an  angle  of  but  o(j€  ei^ 
tecnlb  of  one  second  ol  arc  at  the  instrument.  This  would  rrquire  a  very  ^e**^ 
atmospliere. 
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two  feet  by  six  inches  by  six  inches,  sunk  two  and  one-half 
feet  below  the  surface  of  the  ground.     When  the  occupation 
of   the  station  is  finished,  a  second  stone  post,  rising  eight 
inches  above  the  ground,  is  placed  over  the  first  stone.     Three 
stone  reference-posts,  three  feet  long,  rising  about  a  foot  above 
the  ground,  are  set  within  a  few  hundred  feet  of  the  station, 
'  where  they  are  the  least  likely  to  be  disturbed.     A  sketch  of 
the  topography  within  a  radius  of  400  metres  about  the  sta- 
tion is  made,  and  the  distances  and  azimuths  of  the  reference- 
marks  are  accurately  determined." 

When  the  station  is  located  in  natural  rock  a  copper  bolt 
may  be  set  to  mark  the  geodetic  point. 

On  the  Mississippi  River  survey,  stations  had  to  be  set  on 
ground  subject  to  overflow.  These  were  to  serve  both  for 
geodetic  points  and  for  bench-marks,  both  their  geographical 
position  and  their  elevation  being  accurately  determined. 
Both  the  rank  growth  and  the  sedimentary  deposits  from  the 
annual  overflows  would  soon  obliterate  any  mark  which  was 
but  slightly  raised  above  the  surface.  After  much  study  given 
to  the  subject,  the  following  method  of  marking  such  points 
was  adopted:  A  flat  stone  eighteen  inches  square  and  tour 
inches  thick,  dressed  on  the  upper  side,  has  a  hole  drilled  in 
the  centre,  into  which  a  copper  bolt  is  leaded,  the  end  project- 
ing  a  quarter  of  an  inch  above  the  face  of  the  stone.     The 

U  S 
stone  is  marked  thus,    t^*  jLfi  ^^^d  is   placed  three  feet  under 

ground.  On  this  stone,  and  centred  over  the  copper  bolt,  a 
cast-iron  pipe  four  inches  in  diameter  and  five  feet  long  is 
placed,  and  the  dirt  tamped  in  around  it.  The  pipe  is  large 
enough  to  admit  a  levelling  rod.  The  top  is  closed  with  a  cap, 
which  is  fastened  to  the  pipe  by  means  of  a  bolt.  The  eleva- 
tions of  both  the  top  of  the  pipe  and  of  the  stone  are  d*». 
termined. 


33®-  Methods* — The  methods  formerly  employed  for  the 
measurement  of  primary  and  secondary  base- lines  have  now 
(1901)  been  generally  abandoned  in  America*  For  these 
former  methods  see  Reports  of  the  U.  S,  C*  &  G.  Survey 
for  1S73,  1882,  and  Primary  Triangulation  of  the  U.  S*  Lake 
Sun'cy.  The  bases  which  are  now  employed  by  the  engi- 
neer corps  of  the  U.  S.  Army  arc  measured  by  ntieans  of  300* 
or  500- ft-  steel  tapes.  The  U*  S*  C*  &  G.  Survey  have 
adopted  the  Eimbeck  **  Duplex  "  apparatus  as  shown  in  Figs, 
128  and  I28<f.  This  consists  of  two  measuring-tubes,  five 
metres  long^  each  containing  two  bars,  one  of  steel  and  the 
other  of  brass.  As  the  expansion  of  brass  is  about  one  and 
one-half  times  that  of  steel,  the  relative  lengths  of  two  such 
bars,  after  a  proper  standardization,  would  furnish  an  index 
of  the  common  temperature  of  both  of  them.  The  greatest 
source  of  error  in  all  accurate  length  measurements  has  always 
been  the  uncertainty  in  the  temperature,  and  hence  of  the 
length t  of  the  measuring  unit,*  Mercurial  thermometers  can- 
not be  relied  on  to  give  tW  temperature  of  metallic  bars 
under  rapidly  changing  temperatures,  since  these  give  only 
the  temperatures  of  their  own  bulbs.  As  the  mass  or  the 
cross- sect  ion  of  a  thermometer  bulb  is  small  as  compared  to 
that  of  a  measuring-bar,  the  larger  body  responds  more  slowly 
to  atmospheric  clianges  of  temperature  than  the  smaller  bulb 
of  the  thermometer,  and  lience  in  a  changing  temperature  a 


I 

I 
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*  M,  (juiUaumc  has  discovered  tliat  an  alluy  of  steel  with  thtrty-fivc 
or  ihirty  six  per  cent  u£  nickel  has  ihc  unique  property  uf  not  v^aryijig  its 
length  appreciably  for  ordinary  changes  of  temperature*  This  wiiiuld  make 
dn  ideal  material  for  measuring:  base-lines.  See  BuiUtin  de  la  SocUi/  tf  En- 
,atiraieme»i pmtr  IndMstrU  KathHi^h  for  March,  1898.  See  abo  Johnson's 
M&tfriah  &/  C^nstnutia^n  (second  and  subsequent  editions).  To  accom* 
plish  I  he  same  end,  a  steel  bar  packed  in  ice  has  been  tried  with  good 
rcsulis.     Sec  Report  U*  S*  C.  &  G.  Survey  for  1872* 


lercurial  thermometer  never  records  the  mean  temperature 
f  the  measuring-bar,  even  though  placed  alongside  and  both 
nclosed  in  metallic  tube^with  non-conducting  coverings.  On 
ae  U.  S.  Lake  Survey  a  combination  of  steel  and  zinc  bars 
^as  employed  in  the  famous  Repsold  apparatus,  but  the 
inc  was  found  to  lag  in  its  volumetric  changes  behind  those 
f  the  steely  and  hence  proved  a  very  unsatisfactory  mct;d  for 
he  purpose,  although  its  expansion  was  about  two  and  one- 
q1(  times  that  of  the  steeh  The  latest  and  most  successful 
mployment  of  a  bimetallic  base  apparatus  is  the  system 
hown  in  Figs*  12S  and  128^7,  which  will  now  be  described.* 
There  is  shown  in  Fig.  128,  page  494,  a  single  tube, 
lounted  on  two  wooden  tnpods.  In  service  this  is  aligned 
ry  means  of  the  telescope  at  the  left  end,  and  its  vertical 
angle  is  determined  by  means  of  the  sector  mounted  on  the  side 
tthe  centre  of  the  tube.  Two  such  tubes  are  used  in  the 
neasurement,  and  the  measuring-bars  project  at  both  ends. 
These  bars  are  brought  into  end-contact  by  means  of  thumb- 
crews,  as  shown  in  Fig.  128a,  page  496,  These  thumb- 
crews  move  the  bars  bodily  in  the  tube  against  the  action 
►f  spiral  springs.  The  end  contacts  are  made  steel  to 
ted  and  brass  to  bass*  The  rear  tube  is  then  carried  for- 
ward and  its  rear  end  brought  into  contact  with  the  forward 
ind  of  the  stationary  tube,  and  contact  made  again  by  moving 
le  bars  in  the  fonvard  tube.  These  contact-ends  are  agate 
'^rfacci^,  one  being  a  vertical  plane  and  the  other  which  meets 
t  a  horizontal  knife-edge.  The  work  proceeds  in  this  way  at 
M  average  rate  of  some  fifty  or  sixty  tubes  (250  or  300 
Hctres)  an  hour,  a  maximum  speed  of  eighty  tubes  having  been 
Uaincd.  The  work  may  be  done  under  an  awning- frame, 
'hich  can   be  dragged  forward  on   sled-runners  by  a  team. 


*  For  ;i  full  description  of  this  app^irattis  atjd  of  the  results  whicb  have 
iftn  obtained  by  h^  see  Rep,  U*  S*  C*  &  G.  Survey  for  1S97, 
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Good  results  are  obtained,  however,  by  working  in  the  op 

The  relative  position  of  the  bars  in  the  tube  can  be  chang 
by  rotating  180**  the  inner  or  ^Treversing'*  tube^  which  can 
the  bars,  the  outer  or  **  truss"  tube  remaining  ^xed. 

Since  the  brass  bar  will  in  general  be  longer  or  shoH 
than  the  steel  bar  (longer  for  temperatures  above  and  shofl 
for  temperatures  below  the  normal),  it  is  clear  that  by  alwi| 
bringing  steel  to  steel  and  brass  to  brass  in  making  the  cnd-cci 
tacts^  one  bar  will  continually  gain  upon  the  other.     ThemI 
an  arrangement ^  however,  for  moving  the  brass  bar  forwa 
or  back  with  reference  to  the  steel  whenever  this  deviatij 
reaches  too  large  an  amount,  as  five  centimetres  for  instana 
There  is  a  vernier  attached  to  the  steel  bar  at  each  end,  wh 
reads  upon  a  scale  upon  the  brass  bar,  by  means  of  wli^ 
this  occasional  adjustment  can  be  determined  and  its  aman 
recorded  in  the  notes.      With  these  corrections  applied  tbd 
will  result  two  continuous  measurements  of  the  base,  oncl 
the  steel  bar  and  one  by  the  brass  bar.      Three  mcrcuri 
thermometers  are  placed  in  each  tube,  and  all  are  read 
every  contact;  these  may  or  may  not  be  given  weight  in  1 
puting  the  length   of  the  base.      The  rciaiive  leptgtJis  ^f  \ 
entirt  base  as  measured  by  the  steel-bar  rec&rd  and  by  the 
bar  record  give  the  key  to  the  average  temperature  of  both  im\ 
for  the  entire  base,  provided  the  two  bars  be  assumed  to  ahfopi 
have  the  same  temperature^     Since  these  bars  are  in  reality] 
small  tubes,  of  a  relative  thickness  of  metal  to  compensate  for 
relative  specific  heats  and  conductivities,  and  are  both  en- 
closed in  a  double  tubular  covering,  it  has  been  found  by  trial  | 
that  they  may  be  assumed  to  always  have  the  same  teni' 
perature, 

The  apparatus  is  standardized  by  measuring  with  it  a  kno 
distance  at  two  very  different  temperatures*     This  fumii 
data   for  computing  the  absolute   (and    hence    the   relativ 
lengths  of  both  bars,  and  their  coefficients  of  expansion,  art 
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any  temperature.      Thereafter,   given 

^  bars,  their  temperatures  and  hence 

'^  found.    The  **  known  distance" 

vhich    has    been   measured   by 

*n  ice  to  hold  it  at  a  constant 


"  '^.    . .    --^   •-    "o  *•  convenient,  rapid,  and 

-.     '     •  ■'    "  -  '">.  "^-r        ^2i-.  *^ance  for  any  desired 

•:    >  '       <:^  ^  .iee  hundred  thousand, 

.      .    '^  'C.    ^   ^  .le  chosen,  an  accuracy  of  i 

^  •    ..    -^  '^    "*  u.     It  is  probable,  therefore,  that 

■^     *•  .cments,  even  including  primary  base- 

..lade  by  the  steel  tape  or  by  steel  and  brass 

conditions   of   use   depend  on  the   accuracy  re- 

1-et  us  suppose  the  absolute   length,  coefficient   of 

a^.  *"^i<in,  and  modulus  of  elasticity  have   been  accurately 

tl^.^^ined*    Any  distance  can  then  be  measured  in  absolute 

t^f.  *^s  within  an  accuracy  of  one  in  one  million,  by  taking  due 

^     "^^Cautions  as  to   temperature   and    mechanical    conditions. 

i^  ^^  length  of  the  tape  for  city  work  is  usually  fifty  feet,  and 

^    .      cross  section  about  \  inch  by  -^  inch.     That  used  in  New 

^rlc  City  is  ^  inch  wide  by  ^  inch  thick.     For  mining,  topo- 

^_^phicai,  and  railroad  surveying  a  length  of  one  hundred  feet, 

'  i^*^li  3  cross^section  of  about  \  by  -^^  inch,  is  most  convenient. 

.  m    ^r  basf-Iine  measurement  the  length  should  be  from  three 

£  *  ^ndred  to  five  hundred  feet,  and  its  cross-section  from  two  to 

^  fc**'"«e  one  thousandths  of  a  square  inch.     For  an  accuracy  of 

^  ^^^^  ''^  *^^^  thousand   the  tape  may  be  used  in  all  kinds  of 

^  ^^f^ather,  held  and  stretched  by  hand,  the  horizontal  position 

^*^^  amount  of  pull  estimated  by  the  chainmen.     The  tempera- 

^^^re  may  be  estimated,  or  read  from  a  thermometer  carried 

^V|^Ong  for  the  purpose.     On  uneven  ground,  the  end  marks  are 

^^"^*"i  by  plumb-line. 

For  an  accuracy  of  one  in  fifty  thousand  the  mean  tem- 

tature  of  the  tape  should  be  known  to  the  nearest  decree. 

Uuenheit,  the  slope  should  be  determined  by  s\.te\.c\v\tv^  on^x 

"^^kea,  or  on  ground  whose  slope  is  determined,  ^.tvd  xXve  v^W 
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should  be  measured  by  spring  balances.     The  work  could  tia 
be  done  in  almost  any  kind  of  cloudy  weather     Fofan^a-i] 
racy  of  one  in  five    hundred  thousand,  extreme  precautioi 
must  be  taken.     The  mean  temperatore  must  be  determii 
to  about  one  fifth  of  a  degree  F.,  the  slope  must  be  accuR 
determined  by  pai^sing  the  tape  over  points  whose  elcvatioi 
above  a  given  datum  are  known,  the  pull  must  be  known  I 
within  a  few^  ounces,  and  all  friction  must  be  eliminated    Tli 
largest  source  of  error  is  apt  to  be  the  temperature.    Ondd 
days,  the  temperature  of   the  air  varies  rapidly  for  van'id 
heights  above  the  ground,  and,  besides,  the  temperature  of  I 
tape  would  neither  be  that  of  the  air  surrounding  it,  nor  o(t 
bulb  of  a  mercurial  thermometer.     In  fact,  there  is  no  wayl 
determining   by    mercurial    thermometer,  even  within  a  i^ 
degrees,  the  mean  temperature  of  a  steel  tape  lying  in  thesui 
either  on  or  at  varying  heights  above  the  ground.     Thefffl 
must  then  be  done  at  ni^ht  or  in  cimidy  tmaiher,  and whtni 
f  and  ground  are  at  about  the  same  temperature^ 

There  should  also  be  no  appreciable  wind»  both  on  accoffi 
of  its  mechanical  action  on  the  tape,  and  from  the  tempcraturt 
variations  resulting  therefrom. 

339.  Method  of  Mounting  and  Stretching  the  Tapt^ 
To  eliminate  all  friction,  the  tape  is  suspended  in  hooks  ab 
two  inches  long,  these  being  hung  from  nails  in  the  %\ki\ 
**  Une-stakes''  driven  with   their  front  edges  on  line, 
stakes  may  be  from  twenty  to  one  hundred  feet  apart* 
nails  may   be  set  on  grade  or  not,  as  desired;  but  if  noifi 
grade,  then  each  point  of  support  must  have  its  elevation  dei^ 
mined*    A  low  point  should  not  intervene  between  two) 
ones,  or  the  pull  on  the  tape  may  lift  it  from  this  sug 
**  Marking-stakes**  are  set  on  line  with  their  tops  about  I 
above  ground,  at  distances  apart  equal  to  a  tapc-lcngtlij 
feet.  Zinc  strips  about  one  a^nd  one  half  inches  widearet 
to  the  tops  of  these  stakes,  and  on  these  the  tape-lcngtls' 
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iTciarked  with  a  steel  point.  These  strips  remain  undisturbed 
^ntil  all  the  measurements  are  completed,  when  they  are 
preserved  for  future  reference.  In  front  of  the  marking-stake 
three  "table-stakes"  are  driven,  on  which  to  rest  the  stretching 
'Apparatus,  and  in  the  rear  a  "  straining-stake"  to  which  to  at- 
tach the  rear  end  of  the  tape.  These  auxiliary  stakes  are  set 
t^o  or  three  feet  away  from  the  marking-stake,  and  enough 


Pig.  X99. 

lower  to  bring  the  tape,  when  stretched,  to  rest  on  the  top 
of  the  marking-stake. 

The  stretching  apparatus  is  shown  in  Fig.  129.*     A  chain 
s    is  attached  to  the  end  of  the  tape,  and  this  is  hooked  over  the 

*  This  figure,  and  the  method  here  described,  are  taken  from  the  advance* 
shecls  of  the  Report  of  the  Missouri  River  Commission  for  1886.  The  work 
was  in  charge  of  Mr.  O.  B.  Wheeler.  U.  S.  Assi.  Engr.,  who  first  used  this 
method  on  the  Missouri  River  Survey  in  1885.  The  author  had  previously 
developed  and  used  the  general  method,  except  that  he  stretched  his  tape  by  a 
weight  hung  by  a  line  passing  through  a  loop  which  was  kept  at  an  angle  of  45^ 
•  with  the  vertical,  and  his  end  marks  were  made  on  copper  tacks  driven  into  the 
tops  of  the  stakes.     He  had  also  used  spring  balances  for  stretching  the  tape. 

So  far  as  the  author  is  aware,  steel  tapes  were  first  used  for  measuring  base- 
lines in  New  Zealand  in  1871,  by  Mr.  Edwin  Fairburn.  The  tape  was  66  ft. 
long,  and  the  lengths  were  marked  on  lead.  See  7'Ae  Surveyor  (Sydney, N.  S.  W.) 
for  Sept.  21,  1900. 
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staple  AT  which  is  attached  to  the  block  KHIC*  This  block  is 
hinged  on  a  knife-edge  at  H,  and  i^  weighed  at  K'  by  the  load 
/I  The  hinge  bearing  at  H  is  attached  to  a  slide  which  ii 
moved  by  the  screw  5  working  in  the  nut  N.  The  wholes] 
paratus  is  set  on  the  three  tablestakes  in  front  of  the  marking-! 
stake,  the  proper  link  hooked  over  the  staple,  and  the  block' 
I     *      brought  to  its  true  position   by  the  screw.     This  position  is 

^ shown  by  the  bubble  L  attached  to  the  top  of  the  block  If 
the  lever-arms  HK  ^xvd  HK'  Avt^  properly  proportioned,  the 
pull  on  the  tape  is  now  equal  to  the  weight  P>  To  find  ihts 
length  of  the  arm  HK,  let  HK=  k;  HK'  =  k* ;  the  horizontil 
distance  from  the  knife-edge  //to  the  centre  of  gravity  of  tk 
Mock  =^;  and  the  weight  of  block  —  B. 
Then,  taking  moments  about  H^  we  have 


Pk^Pk'^Bgoxk^¥  +  pg. 
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When  equation  (i)  is  fulfilled  then  the  pull  on  the  tape  is  jufi 
equal  to  the  weight  P,  when  the  bubble  reads  horizontally.  Be 
centre  of  gravity  of  the  block  is  found  by  suspending  it  from 
two  different  axes  and  noting  the  intersection  of  plui3ib>linci 
dropped  from  these  axes. 

At  the  rear  end  the  tape  is  held  by  a  slide  operated  h)*  ut 
adjusting  screw  similar  to  that  shown  in  Fig,  129,  This  slide 
rests  on  the  straining-stake,  and  the  rear-end  graduation  is 
made  to  coincide  exactly  with  the  graduation  on  the  iii»^ 
strip  which  marked  the  forward  end  of  the  previous  t^ 
length.  The  rear  observer  gives  the  word,  and  the  forward  end 
is  marked  on  the  next  zinc  strip.  The  thermometers  are  tbco 
read,  and  the  tape  carried  forward.* 

The  measurement  is  duplicated  by  measuring  ^ain  mtte 
same  direction,  the  zinc  strips  being  left  undisturbed. 

In  obtaining  a  profile  of  the  line  the  level  rod  is  beU 
the  suspension  nails  and  on  a  block,  equal  in  height  to  tht' 
leng^th  of  the  hooks,  set  on  top  of  the  marking-stakes. 


*  The   tr.  S.  C.  &  G,  Survey  now  {t(joo)  use   the   suel  lape  in 
pr/mary  bases »  In  shorter  IcTiftlU^  i\vaiv  >^eTc  teiL&mmtT^dtil,  U  thU  tarn 
pension   from   hooks  Is  found  untYccc^^a.^N .  ii^A  ^.^^^  ^W  v^^vt^a,^ 
feirers  resting  on  Lhc  Rtonnd  andiVic  u4*  o\  *^xW%\^4\ai^t«. 
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For  transferring  the  work  to  the  groundj  or  to  a  stone  set 

l^eneath  the  surface,  a  transit  is  mounted  at  one  side  of  the 

»ine  and  the  point  transferred  by  means  of  the  vertical  motion 

^f  the  telescope,  the  line  of  sight  being  at  right  angles  to  the 

baseline. 

340.  M.  Jaderin's  Method. — Prof.  Edward  Jaderin,  of 
Stockholm,  has  brought  the  measurement  of  distances  by 
"Vfires  and  steel  tapes  to  great  perfection.  He  uses  a  tape  25 
iBetres  in  length,  and  stretches  it  over  tripods  set  in  line,  as 
shown  in  Fig.  150*  On  the  top  of  the  tripod  head  is  a  fixed 
graduation.  At  the  rear  end  of  the  tape  there  is  a  single  grad- 
uation, but  at  the  forward  end  a  scale  ten  centimetres  in  length 


Fig.  i|n. 

is  attached  to  the  tape,  this  being  graduated  to  millimetres  on 
a  bevelled  edge.  The  middle  of  this  scale  is  25  metres  from  the 
graduation  at  the  other  end  of  the  tape.  The  tripods  are  set 
as  near  as  may  be  to  an  interval  of  25  metres,  but  it  is  evident 
that  the  reading  may  be  taken  on  them  if  this  interval  is  not 
more  than  %  centimetres  more  or  less  than  25  metres*  The 
reading  is  taken  to  tenths  of  millimetres,  the  tenths  being 
estimated.  The  tape  is  stretched  by  two  spring  balances,  a 
very  stiff  spring  being  used  at  the  rear  end  and  a  very  sensi- 
tive one  at  the  forward  end.  The  rear  balance  simply  tells  the 
ioper^tor  here  when  the  tension  ii  approximately  right,  the 
measure  of  this  tension  being  taken  on  the  forward  batance, 
which  is  shown  in  the  figure. 


502 


SURVEYiyG. 


^ 


If  a  single  steel  wire  or  tape  be  used,  Mn  Jaderin  also 
finds  that  the  work  must  be  done  in  cloudy  and  calm  weather, 
or  at  night,  if  the  best  results  are  to  be  obtained*  But  be 
finds  that  if  two  wires  be  used,  one  of  steel  and  the  other  o( 
brass,  he  can  continue  the  work  during  the  entire  day,  even  in 
sunshine  and  wind,  and  obtain  an  accuracy  of  about  otic  ifl 
one  million  in  his  results.*  The  wires  are  stretched  in  succes- 
sion over  the  same  tripods,  by  the  same  apparatus,  one  wire 
resting  on  the  ground  while  the  other  is  stretched.  More  ac- 
curate results  could  doubtless  be  obtained  if  both  wires  apc 
kept  off  the  ground  constantly,  the  wire  not  in  use  being  held 
by  two  assistants,  or  if  stakes  and  wire  hooks  are  used,  botfi 
wires  might  be  stretched  at  once  in  the  same  hooks.  The  two 
wires  form  a  metallic  thermometer,  the  difference  between  the 
readings  of  the  same  distance  by  the  two  wires  determining 
the  temperature  of  both  wires,  when  their  relative  lengths  at  a 
certain  temperature  and  their  coefficients  of  expansion  m. 
known.  This  method  is  similar  in  principle  to  that  of  ik 
Coast  Survey  apparatus,  where  steel  and  zinc  bars  are  used 
shown  in  Fig,  128*  In  such  cases  the  true  length  of  hnc  is 
found  by  equation  (5  \  p,  509. 

At  least  three  thermometers  should  be  used  on  a  300foot 
tape,  and  they  should  be  lashed  to  the  tape  or  suspended  by  it  at 
such  points  as  to  have  equal  weight  on  determining  its  tempcrj^ 
ture.  Thus  if  the  tape  is  300  feet  Jong  the  thermometers  should 
be  fastened  at  the  50,  150,  and  250  footmarks.  They  should  ol 
course  have  their  corrections  determined  by  compart*?on  with 
some  absolute  standard  or  with  other  standardized  thermom- 
eters. 

*  See  ♦'GcodSiischc  Langenmessung  mit  Stahlbandeo  und  Metalldflhtcft," 
von  Edv.  Jaderin,  Stockliolm  (1B85,  57  pp.)  Also,  '*  Exposfe  ^l^nicomife  deU 
nouveUe  Meihode  de  M*  Edousird  Jadenn  pour  la  mestire  des  droilci  gM** 
siquesau  moyen  de  Bar^dcs  d'Acicr  ct  dc  Fits  m^ulllques*'*  par  P.  E,  Bergs^rAiidi 
Ing^nieur  au  Bureau  central  d'Arptrniage,  &  Stockholm  (1885,  48  pp.>.  See 
also  U.  S,  C.  6*  G.  Surviy  KeportiQX  1893,  p.  12 Si  for  a  coropleie  transUtioo ej 
thb  report. 


If  the  appliances  above  outlined  be  used  with  a  single  tape 
T  wire,  and  the  work  be  done  on  calm  and  densely  cloudy 
tays,  or  at  nighty  or  with  two  wires  used  even  in  clear  weather, 
t  ts  not  difficult  to  make  the  successive  measurements  agree  to 
ta  accuracy  of  one  in  five  hundred  thousand*  There  still  re- 
Rains,  however,  the  errors  in  tlic  absolute  length,  in  the  coeffi* 
:ient  of  expansion,  in  the  modulus  of  elasticity,  in  the  measure 
>f  the  pulU  and  in  the  alignment,  none  of  wjiich  would  appear 
n  the  discrepancies  between  the  successive  measurements, 

341.  The  Absolute  Length  is  the  most  difficult  to  deter- 
Emne.  The  best  way  of  finding  it  would  be  to  compare  it  with 
inother  tape  of  known  length.  The  U-  S-  Coast  and  Geodetic 
Survey  now  make  comparisons  of  steel  tapes  up  to  100  feet  in 
kngth  for  a  small  fee.* 

If  an  absolute  standard  is  not  available,  then  the  length  may 
be  found  by  measuring  a  known  distance,  as  a  previously 
measured  base-line,  and  computing  the  temperature  at  which 
the  tape  is  standard.  Or  the  tape  may  be  compared  with  a 
shorter  standard,  as  a  yard  or  metre  bar,  by  means  of  a  com- 
parator furnished  with  micrometer  microscopes,t 

•  The  absaluic  Icngih  of  the  300-fooi  steel  tape  belonging  to  the  Missbsippi 
Bivcf  Commlsston^  the  coeffictenr  of  expansion  and  ibc  modulus  of  elasticity  of 
*hitrh:he  author  himself  Uctermincd  in  i8So,  has  now  been  obtained.  This  was 
«bjie  by  measuring  a  part  ol  the  Onley  Base  Line  wiih  ihjs  tape,  using  the 
method  herein  outlined*  This  base  is  situated  in  Southern  nUnois,  and  forma 
Iheaouthern  extremity  of  U.  S.  Lake  Survey  primary  triaagulaiion-sy Stem,  The 
probftble  error  in  the  length  of  the  base,  from  the  original  measurements,  was 
abgitt  one  onemiUionih,  The  recent  lape-mKasurenients  are  remarkably  accor- 
t^ajii,  so  the  length  of  this  tape  is  now  very  accurately  known.  A  similar  tape 
Mqnging  to  the  engineering  outfit  of  Washington  University  has  beet)  corn- 
ered with  ihis  one  at  different  temperatures,  and  its  absolute  length  and  coeffi- 
cient of  expansion  found.  The  so^foot  subdivisions  have  also  beea  carefully 
determined. 

f  Sucb  an  apparatus  is  used  in  the  physical  laboratory  of  Washington  Uni- 
trsiiy*  which,  in  conjunction  with  a  standard  metre  bar  which  has  been  com- 
ared  with  the  European  standards,  enables  absolute  lengths  to  be  deier mined 
>  the  nearest  one- thousandth  of  ft  mitlitnetre. 
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342-  The  Coefficient  of  Expansion  may  be  taken  anyj 
where  from  0.0000055  to  0.0000070  for  1°  F.*  If  the  tape] 
used  at  nearly  its  standard  temperature,  then  the  coefficient  ( 
expansion  plays  so  small  a  part  that  its  exact  vaJue  is  unii 
port  ant*  If  it  is  used  at  a  temperature  of  70°  F.  from 
standard  temperature^  and  if  the  error  in  the  coefficient  ua 
be  twenty  per  cent,  the  resulting  error  in  the  work  would  be 
one  in  ten  thousand.  This  is  probably  the  extreme  error  thi 
would  ever  be  made  from  not  knowing  the  coefficient  of 
pansion,  some  tabular  value  being  used.  If  nothing  is  kno*^ 
of  the  coefficient  of  expansion,  probably  0.0000065  would 
the  best  value  to  use.  It  is  evident*  however^  that  for  th 
most  accurate  work  the  coefficient  of  expansion  of  the  tap 
used  must  be  carefully  determined. 

^  The  autbcr  made  a  series  of  observations  on  a  Bteel  tape  300  £eci  long, 
readings  being  taken  at  short  intervals  for  four  days  aod  three  nights. 
tape  was  enclosed  in  a  wooden  box,  and  supported  by  hooka  every  sixteen 
feet*  The  ohsrrvaijons  were  taken  on  fine  graduaitons  made  by  n  dtain<jnd 
point,  ihere  being  a  single  graduation  at  one  end,  but  some  fifty  graduations  1 
millimetre  apart  at  the  oiher  end.  The  readings  were  made  by  means  d 
micrometer  microscopes  mounted  on  solid  posts  at  the  two  ends.  The  nng? 
of  temperiitare  was  about  50"  F*,  and  the  resulting  coefficient  of  expansioa  kt 
1*  F.  vvas  o  ooocx>6gg  ±  3  in  the  last  place.  The  coefficient  for  the  Washington 
University  tape  Is  0.00000685.  ^t<it.  T,  C  Mendenhall  found  from  six  of  ei|bi 
rxpedments  on  steel  bands  used  for  tapes,  a  mean  coefficient  of  o.oo&QOS^ 
Steel  standards  of  length  have  coefficients  ranging  from  0.0000043  t9Q.0OPO0Ci^ 

Mr.  Edward  J^derin,  Stockholm,  has  obtained  a  mean  value  of  o.oooooSJ* 
from  a  number  of  very  careful  determinations,  boih  from  remeasunng  a  pfiaar? 
base  Hne»  and  from  readings  in  a  water-baih,  Several  steel  wires  were  ti^ttd 
and  iheir  coefficients  alt  came  very  near  the  mean  as  given  at>ove. 

For  hmss  wi/rs  he  found  a  mean  coeflicient  of  o.ooooog6  F.  The  t^U 
Standard  brass  bar  of  the  U.  S.  Lake  Survey  has  a  coefficieot  of  o.ooaoK 
while  tabular  values  are  found  as  high  as  0.0000107  F. 

There  is  some  evidence  that  CffiJuiraivn  wins  kavf  a  kn  c&efficitnt  &f  £ij 
lUn  fkait  r^^ikd  bars  and  tapts. 

Coefficients  of  expansion  have  seldom  been  found  wilh  great  accuracy, 
coefficients  of  the  "  M6tre  des  Archives/*  the  French  standard,  having  ha^** 
erroneous  value  assigned  to  it  for  ninety  years 
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34.3.  The  Modulus  of  Elasticity  is  readily  found  by  ap- 
^*Vixig  to  the  tape  varying  weights,  or  pulls,  and  observing  the 
-tch.    The  correction  for  sag  will  have  to  be  applied  for  each 
slit  used,  in  case  the  tape  is  suspended  from  hooks,  which 
lid  be  done  to  eliminate  all  friction. 
Let  P^  be  the  maximum  load  in  pounds ; 
P^   **     "    minimum  load  in  pounds  ; 
a    "     •*    increased  length  of  tape  in  inches  due  to  the 

increased  pull ; 
L    "    "    length  in  inches  for  pull  P^,  or  the  graduated 

length  of  tape ; 
5    "     "    cross-section  in  square  inches ; 
E    "     "    modulus  of  elasticity ; 
d   "     "    distance  between  supports  in  inches  ; 
w   "     "    weight  of  one  inch  of  tape  in  pounds ; 
s    •*     "    shortening  effect  of  the  sag  for  the  length  L ; 
V    "     "    sag  in  inches  midway  between  supports. 
we  have 

-=^-^ 0) 

But  for  the  pull  P,,  the  shortening  from  sag  is  much  less 
in  for  the  pull  P^.  We  must  therefore  find  the  effect  of  the 
in  terms  of  the  pull. 
-.^  .-  344.  Effect  of  the  Sag. — Where  the  sag  is  small,  as  it 
*"^  Always  is  in  this  work,  the  curve,  although  a  catenary,  may  be 
7 r  Considered  a  parabola  without  an  appreciable  error. 

If  we  pass  a  section  through  the  tape  midway  between  sup- 
ports,  and  equate  the  moments  of  the  external  forces  on  one 
ftide  of  this  section,  we  obtain,  taking  centre  of  moments  at 
^be  support, 

-_        wd  d      wff 
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If  the  length  of  a  parabolic  curve  be  given  by  an  infinij 
series,  and  if  all  terms  after  the  second  be  omitted,  which  th 

may  when   ,  is  small,  then  we  may  writer — 


%v'y 


Length  of  curve  =  d(i-\---^^ 


If  we  now  substitute  for  v  its  value  as  given  m  equatij 
(i)j  we  have 

Length  of  curve  =  d\  i  +  —  \rp\  \  * 

If  we  call  the  excess  in  length  of  curve  over  the  linear  ^ 
tance  between  supports  the  effect  of  i!u  sag,  we  have 

dfWiiV 


dfWii\ 


m 


for  one  interval  between  supports.  If  there  are  n  such  tntef-j 
vals  in  one  tape-length,  then  nd=iL^  and  the  effect  of  thesig| 
in  the  entire  tape-length  is 


'^-sC^' 


14^ 


If  S,  and  5,,  be  the  effects  of  the  sag  for  the  pulls  /*,  and! 
(5,<-S.  for /',>/',),  then  the  total  movement  at  the  f ree  t" 
due  to  the  pull  being  increased  from  /*„  to  P,  would  be  e\ 
(5,  —  5|).  If  this  total  movement  be  called  M,  then  we  won! 
have 


E  = 


{P.-P.)L 


P,-P. 


S\M~S,+  S,) 


^L      24  V  p;p:  '}} 


a 
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EXAMPLK. 

Let  Pi  =  60  pounds; 

P%  =  10  pounds; 

w  =  0.00055  pound  per  inch  of  tape; 

d   =  300  inches  =  25  feet; 

S  =  0.002  square  inch; 

M  =  3.2  inches; 

L  =  3600  inches  =  300  feet. 
To  find  E, 
From  equation  (5)  we  have 

<  3600        24    y36ooooy 

From  the  same  data,  we  find  from  eq.  (4)  the  effect  of  the  sag  to  be  0.040 
inch  for  the  ten-pound  pull,  and  o.ooi  inch  for  the  sixty-pound  pull. 

Evidently,  if  the  tape  is  stretched  by  the  same  weight  when  its  absolute 
length  is  found,  and  when  used  in  measuring,  the  stretch,  or  elongation  from 
pull,  would  not  enter  in  the  computation,  and  so  the  modulus  of  elasticity 
would  be  no  function  of  the  problem. 

Again,  the  stretch  per  pound  of  pull  may  be  observed  for  the  given  tape,  and 
then  neither  E  nor  5",  the  cross-section,  would  enter  in  the  computation. 

345.  Temperature  Correction. — If  mercurial  thermome- 
ters are  used,  their  field-readings  must  first  be  corrected  for 
the  errors  of  their  scale-reading,  each  thermometer  having,  of 
course,  a  separate  set  of  corrections.  Then  the  mean  of  the 
corrected  readings  may  be  taken  for  all  the  whole  tape-lengths 
in  the  line  measured,  and  the  correction  for  the  entire  line 
obtained  at  once.     Thus, 

let  L  =  length  of  line ; 

7",  =  temperature  at  which  the  length  of  the  tape  is  given 
for  the  standard  pull  P^,  this  usually  being  the  tem- 
perature at  which  its  true  length  is  its  graduated 
length  for  that  standard  pull ; 
Tm  =  the  mean  corrected  temperature  of  the  entire  line ; 
a  =  coefficient  of  expansion  for  1°  ; 
Ct  =  correction  for  temperature. 


^^^^^^^^^^^^^^f 

^^^^^1^3 
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I    Then                          Q  =  +  a{T^-T^L (0 

H    The  temperature  correction  for  a  part  of  a  tape-length  is  com 

H    puted  separately. 

H          If  the  value  of  «  for  the  tape  used  is  not  known,  it  tuaybt 

H    taken  at  0.0000065. 

H          If  a  metallic  thermometer  is  used,  as  a  brass  and  a  std 

wire,  or  a  brass  and  a  steel  bar  as  in  the  U.  S<  C  and  G,  S 

•        apparatus  shown  on  p.  494.  then  we  have  the  following: 
^        346.  Temperature  Correction  when  a  Metallic  Ther- 

mometer is  used. 

^k         Let  /  =  length  of  wire  or  tape  used»  as  300  feet ; 

^^H            I,  =  absolute  length  of  the  steel  wire  at  the  standari 

^^B                       temperature  of,  say,  32""  F. ; 

^^^K          4  —  same  for  brass  wire  ; 

^^^H          L  =  total  length  of  line  for  whole  tape-lengths  ( ^  f?i 

^^^H                      approximately) ; 

^^H          n  =  number  of  lengths  of  the  standard  measured t 

^^H          r,  =  mmn  value  of  all  the  scale-readings  on  steel  wir*  , 

^^^^H                for  the  entire  line  i  =  — -  ; 

^^^^f         Tb  —  same  for  scale-readings  on  brass  wire ; 

^^H          ^,  =  coefficient  of  expansion  for  the  steel  wire; 

^^ft         a^=                                                  **     brass 

^^H          /,  ^  mean  temperature  for  the  entire  line. 

Then  we  have 

^L                          L  ^  «(4  +  0  (1  +  {t.  -  32^)«'.)  \                    ,, 

B          Since  the  temperature  correction  is  relatively  a  very  small 

1     quantity,  we  may  put  /^  +  r,  —  4  +  r^  =  /,  the  length  of  tht 

H    tape  to  which  the  temperature  correction  is  appUed. 
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We  then  have  from  (2) 


('.-32)-         /(a,-«.)         • 


(3) 


•ubstituting  this  value  of  the  temperature  in  (2),  we  obtain 

^  f=  «[^.  + '•.  +  S-3ir  (('.  +  '•.)- (4 +  r»))].    .     (4) 
If  we  put  /,  +  r,  =  5,  and  4  +  rj,  =  5^,  we  have 


•    .    •    •    (5) 


Prom  either  of  the  equations  (5)  we  may  compute  the  length 
>f  the  line  as  corrected  for  temperature.  If,  however,  it  is 
iesired  to  find  the  temperature  correction  separately,  in  order 
o  combine  it  with  the  other  corrections,  we  have 


C;=«(5.-5,)— -!- 


(6) 


For  the  temperature  correction  to  be  applied  to  the  measured 
length  by  the  steel  wire,  or 


Cm  =  «(5, -55)- 


(7) 


as  the  temperature  correction  to  be  applied  to  the  measured 
length  by  the  brass  wire. 
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These  formula!  all  apply  only  to  the  entirt  ftipe-itHgihs.  Any 
fractional  length  would  have  to  be  computed  separately,  or 
else  a  diminished  weight  given  to  their  scale-readings  in  obtain- 
ing the  mean  values,  r,,  and  r,,. 

347-  Correction  for  Alignmentp  both  horizontal  and  ver^ 
tical — The  relative  elevations  of  the  points  of  support  are 
found  by  a  levelling  instrument,  and  the  horizontal  alignment 
done  by  a  transit  or  by  eye.  An  alignment  by  eye  will  be 
found  sufficiently  exact  if  points  be  established  on  line  by 
transit  every  500  or  looo  feet.  The  suspending  nails  and  hooks 
afford  considerable  latitude  for  lateral  adjustment  when  tk 
tape  is  stretched  taut;  hence  the  horizontal  deviation  will  be 
practically  zero  unless  the  stakes  are  very  badly  set,  and  tk 
relative  elevations  of  any  two  successive  supports  should  be 
determined  to  less  than  0.05  foot.  If  no  care  is  taken  to  have 
more  than  two  suspension  points  on  grade,  then  each  section 
of  the  tape  will  have  a  separate  correction.  Usually  a  single 
grade  may  as  well  extend  over  several  sections,  in  which  case  the 
portion  on  a  uniform  grade  may  be  reduced  as  a  single  section 

Let  /„  /„  /j^  etc,  be  the  successive  lengths  of  uniform  grsA^ 
and  A,,  k^,  //,i  etc.,  the  differences  of  elevation  between  tk 
extremities  of  these  uniform  grades;  then  for  a  single  grade  we 
would  have  the  correction 


or 


But  since  C  is  a  very  small  quantity  as  compared  with  /, 
we  may  drop  the  C\  whence  we  have  C  =   -^  for  a  single  grade. 


2/' 
The  exact  value  of  C,  in  ascending  powers  of  k^  is 


A* 


A^ 


^="^+8?+    y6t^^' 


.    (^) 


^ 
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^  entire  line,  if  all  but  the  first  term  be  neglected, 
ion  is 


(2) 


|-3i/. +  /.  +  /,  +  •• -ttJ 

's  are  all  equal,  as  when  no  two  successive  suspen- 
fall  in  the  same  grade,  then  we  have 


V 


7^(V  +  A,*  +  >5,«  + 


«=-^. 


(3) 


lie  relative  elevations  are  determined*  and  not  the 
he  grades,  these  formulae  are  more  readily  applied 
ivolving  the  grade  angles, 

or  made  in  rejecting  the  second  power  of  C  \n  the 
tions  is  given  in  the  table  on  the  following  page, 
1  k  are  taken  in  the  same  unit  of  length** 
Trades  are  given  in  vertical  angles,  as  they  always 
e  ordinary  base  apparatus,  then  we  have  for  the 
:o  each  section  whose  length  ts  /,  and  whose  grade 
)r  below  the  horizon, 

B 
C^  :=  — /(t  —  cos  B)  ^  —  2/ sin*  - 

xpressed  in  minutes  of  arc,  and  if  the  grade  angle 
about  six  degrees,  or  if  the  slope  is  less  than  one  in 
y  write 


s  —  2/  sin' 


e 


2 


W 


=  —0.00000004231  (PI  I 


*  From  JSdcrifi"5  Geodaiische  LiTigenmeasung, 
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or  by  logarithms, 

^^^^      log  C\  ^  const,  log  2.626422  -f  2  log  tf  -f  log  /. 

TABLE  DF  ABSOLUTE  ERRORS  IN  THE  FORMULA  C,  =  j 

Abaotuce  Em>r  in  the  Same  UniU  lued  lor  f  uid  A, 

^SS^' 

1 

Grade, 

■ 

0.OOOD5 

0.00015               0.0003S              0.0003s 

0,00045 

1 

/, 

k  ^  Ri8«  m  Fill  ID  Lengih  ^, 

1 

0*14 

0.19 

*3i 

\ 

.34 

3 

4 
5 

♦  33 

43 
S3 
.62 

1 

.40 

.47 

6 

54 

,61 

,71 

0.81                1 

7 
8 

9 
to 

,80 

,gi    .::::::::::: 

*■*"■•'**" 

.67 
*73 
^79 

'SS 

-97 

K05 

i*oo 

I.IO 

\ 

■ '  *  *""***t 

1.10 

i.tg                T.3g 

WWW'L 

It 

.8s 

KI3 

J. 28                1.39 

«  1  .  «*.»«iM 

13 

,91 
-97 

t.ao 

1.36                1*48 
J -45        1         1.57 

' 

13 

1.37 

1,67 

14 

1,02 

1^35 

1.53        ,        1.66 

I  77 

15 

t.oS 

1.4a 

i.6j         1        1.75 

iM 

16 

I  13 

1-49 

1.69        '         I. 84 

t.96 

'7 

i.tS 

1.56 

1,77                  l.^ 

205 

IS 

1.24 

t.62 

1  Ss                 3.01 

2-14 

19 

l.2q 

1.69 

1.92         !        3.og 

2  33 

ao 

1^34 

1,76 

2.00                   3*17 

a.31 

21 

I  39 

1.83 

2.07             3.25 

3*40 

33 

1-44 

i.Sg 

^n           2-33 

3.4» 

S3 

],48 

1-95 

3.33           1           3,41 

2*57 

34 

1-53 

2. 03 

3    39                      2.49 

3.65 

as 

1.58 

3.08 

3   36                      3.S7 

3*73 

36 

1.63 

*-t4 

2  43                  2.65 

2.82 

37 

1.67 

3.20 

2  .  Sti           1           3  .  73 

3.90 

se 

K73 

2.36 

2.57 

3.80 

i,9fi 

29 

1-77 

3*32 

2.64 

3.87 

3,06 

30 

I.S1 

..3S 

3,71 

3.95 

3  14 
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348.  Correction  for  Sag. — From  equation  (4),  p.  506,  we 
^'=-T0) (4) 

If  the  standard  length  be  given  with  the  pull  P„  and  the 
distance  between  supports  d^,  while  in  the  field  the  pull  P  and 
distance  d  between  supports  be  used,  then  the  correction  for 
sag  is 

where  Z,  d^  and  C,  are  taken  in  the  same  unit  of  length,  and  w 
is  the  weight  of  a  unit's  length  of  tape  in  the  same  units  used 
for  P. 

349.  Correction  for  Pull.— From  equation  (i),  p.  505  >  we 
may  write  at  once 

{p--p:)L 

Here  P  is  taken  in  pounds,  L  and  Cp  in  inches,  and  5  in 
square  inches,  since  E  is  usually  given  in  inch-pound  units.  If 
E  has  not  been  determined  by  experiment,  it  may  be  taken  at 
28000000.  The  cross-section  5  is  best  found  by  weighing  the 
tape  and  computing  its  volume,  counting  3.6  cubic  inches  to 
the  pound.  Knowing  the  length,  the  cross-section  can  then  be 
found.  If  the  stretch  has  been  observed  for  different  weights, 
and  the  value  of  E  computed,  the  value  of  5  is  of  no  conse- 
quence, provided  the  same  value  be  used  for  both  observations. 

350.  Elimination  of  Corrections  for  Sag  and  Pull— 
Since  the  correction  for  sag  is  negative  and  that  for  pull  is 
positive,  we  may  make  them  numerically  equal,  and  so  elimi- 


SH 
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'nate  them  both  from  the  work.     If  this  be  done,  the  normalj 

or  standard  length  of  the  tape  should  be  obtained  for  no  y 
and  no  pull,  and  its  normal  or  standard  temperature  found  such] 
that  at  this  temperature,  and  for  no  sag  and  no  pull,  its  gradu*| 
ated  length  is  its  true  length. 

If  r,  is  the  temperature  at  which  the  tape  is  of  standaid^ 
length  for  the  pull  l\  and  the  distance  <  between  supporti^^ 
and  if  /  is  the  length  of  the  tape,  then  we  havCi 


Shortening  from  sag  =  £C<); 


PJ 


Lengthening  from  pull  =  -^, 

or  net  lengthening  from  sag  and  pull  =  ^  —  j-  \^}  ^ 
Lengthening  from  x  degrees  F*  ^  x^tl. 

If,  therefore,  the  effects  of  sag  and  pull  were  eliminated, 
the  tape  would  be  of  standard  length  at  a  temperature  j[ 
degrees  above  T^y  where 

— :(S-i©") '■)! 

where  all  dimLnsions  are  in  inches  and  weights  in  pounds* 

The  standard  temperature  for  no  sag  and  no  pull  would  b^  I 
therefore, 

j;=7;  +  ;r.  , {3|| 

We  will  call  this  the  norma/  timperaiure^ 
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}rder  that  the  corrections  for  sag  and  pull  shall  balance 
ther,  we  must  have 


EL-L  {"^ 


(3) 


we  will  call  the  normal  tension. 

:he  stretch  in  inches  is  known  for  one  pound  of  pull  for 

ren  tape,  we  may  call  this  e^  and  we  will  have 


e  = 


SE 


or 


5£  = 


w  -=  W  =■  weight  of  entire  tape  between  end  graduations, 

''  r 

d  -^  =  «  =  number  of  sags  in  the  tape, 
bstituting  these  values  in  (3),  we  obtain 


-=a7— - 


(4) 


JF=  weight  of  entire  tape  in  pounds; 

/  =  length  of  tape  in  inches ; 

e  =  elongation  of  tape  for  a  one-pound  pull ; 

n  =  number  of  sags  in  tape  =  -%. 

the  tape  has  no  intermediate  supports,  then  »=  I,  and 
ve  for  the  normal  tension 


A 


7 


24^* 


(s) 
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Example. — For  the  300-fobt  sleel  tape,  whose  constanti  the  author  ( 
mined,  we  have  /r=  a  lbs..  /—  3600  inches*  e  ==  0.066  Inch.  If  thesiipi 
are  30  feet  apart,  «  =  10,  whence,  from  eq.  (4),  Fm  =  4*48  pounds 

If  H  —  6.  or  if  the  supports  wer^  placed  so  feet  aparit  we  would  lad  h  ^ 
6*33  pounds. 

If  n  =  3^  or  if  the  supports  are  too  feet  apar^  /'»  —  to.  03  pounds. 

In  the  last  case,  the  sag  would  be  ten  inches  midway  between  support! 


351.  To  reduce  a  Broken  Base  to  a  Straight  Line 
It  is  sometimes  necessary  or  convenient  to  introdtice 
more  angles  into  a  base-line.  These  would  never  dcvial 
from  i8o^  Let  the  difference  between  the  angle  and  l8?l 
0,  and  let  the  two  measured  sides  be  a  and  *,  to  find  the  sidet 
If  if  be  expressed  in  minutes  of  arc  and  if  it  is  not  more  thsa 
about  3"",  the  following  approximate  formula  will  prove  sat 
ficiently  exact : 


side  IT  =  ^  +  A 


sm'  V 


^a-\-b  —  0.00000004231 


If  B  is  greater  than  from  s""  to  5^,  the  triangle  would  have  tflj 
be  computed  by  the  ordinary  sine  formula. 

352.  To  reduce  the  Length  of  the  Base  to  Sea  levd] 
— In  geodetic  work,  all  distances  are   reduced  to  what  thq 
would  be  if    the  same  lines  were  projected  upon  a  seal 
surface  by  radii  passing  through  the  extremities  of  the  linti 
It  is  not  necessary,  however,  to  reduce  all  the  lines  of  a  tn 
gulation  system  in  this  manner,  since  if  the  length  of  the  I 
line  is  so  reduced  the  computed  lengths  of  all  the  other  lifi 
of  the  system  will  be  their  lengths  at  sea-leveL     The  angle 
that  are  measured  are  the  UarimHtai  angX^s,  and  are  not  affcclrfl 
by  the  differences  of  elevation  of  the  various  stations.    U*| 
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'^cessary,  therefore,  to  know  the  approximate  elevation  of  the 
^^^e  above  sea-level. 

Let  r  =  mean  radius  of  earth ; 
a  =  elevation  above  sea-level ; 
B  =  length  of  measured  base ; 
b  =  length  of  base  at  sea-level. 
^cnr  +  tf  :r::B:b, 

■•  b  =  B    ^ 


r  +  a 


The  correction  to  the  measured  length  is  always  negative, 
c»d  is 

Since  a  is  very  small  as  compared  to  r,  we  may  write 

The  mean  radius*  in'  feet  is 

20926062  +  20855121  ^  -    ^ 

mean  r  =  — "^ =  20890592  feet, 

log  r  (in  feet)  =  7-3 199507- 

353.  Summary  of  Corrections. — For  the  significance  of 
the  notation  used  in  the  following  equations,  see  the  preceding 
irticles  where  they  are  derived.    The  corrections  are  all  for 


*  Rigidly,  we  should  use  the  length  of  the  normal  ior  the  given  latitude,  but 
he  mean  radius  as  above  found  is  sufficient  for  most  cases. 
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the  entire  line  measured ^  or  rather  for  that  portion  of  it  cm 
posed  of  entire  tape-lengths,  and  are  to  be  applied  with  th 
signs  given  to  the  measured  length, 

1,  Correction  for  Temperature. 

For  a  single  standard  with  mercurial  temperatures^ 

q  =  +  a(r..-r.)i. ......  (0 

For  metallic  thermometer-readings,  as  found  from  steel  andj 
brass  standards,  for  instance,  the  correction  to  be  applied 
the  length  as  found  by  the  steel  wire,  or  standard,  is 

C.  =  AS,-S.)^^,  .... 

2,  Correction  for  Grade. 
In  terms  of  the  difference  of  elevation  of  grade,  points  at  J 

common  distance^  /,  apart. 

In  terms  of  the  grade  angles,  expressed  in  minutes  of  art 
Cy  =  — 0.00000004231.2^/. (4 

3,  Correction  for  Sag. 
For  the  standard  length  given  for  a  pull  P^,  and  a  dtstano 

between  supports  rf„,  while  Pand  ^/are  used  in  the  field-work,] 
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For  the  standard  length  given  for  no  pull  and  no  sag, 

4*  Correction  far  PulL 

^'=  +  ^S^'^' (7) 

tf  Cj^-{P-P,)en (8) 

5.  To  reduce  Standard  Temperature  to  Normal  Temperature, 
When  the  temperature  of  the  tape  {T^  is  known  at  which 
he  graduated  is  the  true  length  for  the  pull  P^  and  distance 
•ctween  supports  d^y  to  find  the  corresponding  temperature  for 
€)  pull  and  no  sag,  this  being  called  the  normal  temperature 
T^y  we  have,  in  degrees, 

^-='-.+  ^K-i(f )■]•••    •    -(9) 
6.   To  eliminate  Corrections  for  Sag  and  Pull. 

Make  the  pull /»,  =  A/|^(a/^)'; (lo) 

^-=\/S' ^") 

For  no  intermediate  supports  to  tape, 
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P,,  is  called  the  narmai  tension, 

7.  Correction  for  Broken  Base. 

If  a  and  h  are  the  two  measured  sides  which  make  an  ang 
of  I  ?^d^  —  &,  the  correction  to  be  added  to  a  -\-  b  to  get 
distance  between  their  extremities,  0  being  less  than  S';i 
expressed  in  minutes  of  arc^  is 

8»  Correction  to  SmJei 


where  L  is  the  length  of  the  measured  base  at  an  altitude 
above  sea-level. 

log  r  (in  feet)  =  7-3^99S^7^ 

354.  To  compute  any  Portion  of  a  Straight  Base  wbidi 
cannot  be  directly  measured. ^ — It  sometimes  is    convenient 


i(i.  lii, 


to  take  a  base-line  across  a  stream  or  other  obstruction  to  & 
rect  meai^urement.     In  such  a  case  a  station   may  be  chc<^ 
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sat 


iFig^.  t3l,  and  the  horizontal  angles  AOB  =  P,  BOC  = 
COD=R  measured.     If  the  parts  ^^  and  CD  lie  in 
fte  straight  line,  and  j45^  ^  and  CD^b  are  known, 
(C  =  jr  may  be  found  by  measuring  mly  the  angles  at  O: 
IS  in  the  triangles  ABO  and  A  CO  we  have 


^ 


CO  _  ^  +  a       sin  P 
B0~      a     sin  [P+QY 


nn  the  triangles  BDO  and  CDO  we  have 
^^^       CO  b      sin  {Q  +  R) 


CO 

BO 


jr  -j-  i        sin  R 


K=P-^Q  and   L^Q  +  R,  then  by  equating  the 


iralues  of  -=rx  we  have 
iSU 


\ 


i      X     \i     ^    i.\      g^ (sin K sin  L) 
^    ^    ^  ^     ^    ^         sm  /*  srn  ^    * 


^  _  _  — ^   ^ 


Y      sin  Psva  R      "^  I     2    /  * 


^ly  only  the  positive  result  is  to  be  taken. 

I  points  j4,  O,  and  Z?  should  be  chosen  so  as  to  give 

Itersections  at  A  and  D. 

.  Accuracy  attainable  by  Steel-tape  and  Metallic- 

leasurements.— The  following  results  have    been  at- 

by  using  the  methods  herein  described : 

n  Sweden »  Mn    Edw*   Jaderin    measured    a    primary 

le  two  kilometres  in  length  three  times,  by  means  of 

nd   brass  wires  25    metres  long,  in   ordinary  summer 
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weather,  mostly  clear,  with  a  probable  error  of  a  singk  i 
mination  of  i  in  600,000,  and  a  probable  error  of  themcian 
suit  of  I  in  1,000,000,  as  compared  with  the  true  length  oEt 
line  as  obtained  by  a  regular  primary  base  apparatus.* 
2,  On  the  trigonometrical  survey  of  the  Missouri 
in  1885,  Mr.  O*  B*  Wheeler,  U.  S.  Asst.  Engineer,  obti 
the  following  results,  using  one  steel-tape  300  feet  long: 

Glasgow  Base, 

First  measurement , 7923*237  feet* 

Second        **  •, .-.♦, 7923403    " 

Mean . .  • . , , . , ,  >  , , . .  .   7923,320  ±  o.os6( 

In  this  case  the  sun  was  shining  more  or  less  on 
measurements.     The  probable  error  of  a  single  result  i^  '  ■ 
loo^ooo,  and  of  the  mean  of  two  measurements  i  in  \^(f^ 

B^Hton  Base. 

First  measurement 9870.445  feet. 

Second         "  ,..,,. 9S70.38S     ** 

Mean ,  .  - 9S70415  ±  0.OI8  (' 

The  probable  error  of  a  single  measurement  is  i  1^380,00^ 
and  of  the  mean,  I  in  533,000. 

Trovers  Paint  Base. 

First  measurement , . .  971  K915  feet 

Second        **  - *.  971I.892     * 

Mean, - 971 1.904  ±  ooo"3  f« 

*  pur  tiiLe  of  Mr.  Jiderin*s  pait)pKl«l  describing  his  methods  and  results 
foot  ii«ic»  p,  50a* 
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probable  error  of  a  single  measurement  is  i  in  900,1 
the  mean  it  is  i  in  1^250,000. 

Oittey  Bt7St\ 

measurement 1082 1 .9658  feet. 

** 10821,9665     '' 


lean , 1082 1 .9662  ±  0.0002  feet 

is  base  had  been  measured  by  the  U,  S.  Lake  Survey 
|d  base  apparatus,  with  a  probable  error  of  about  I  in 
X)0.  This  portion  of  it,  about  luilf  tlie  entire  base,  was 
sured  with  the  tape  in  order  to  determine  the  absolute 

tof  the  tape*     The  work  w^as   done  on  both  the  tape- 
*ments   in  a  drizzling   rain,  so  that  the   temperatures 
ibtained    with    great   accuracy*      The   mean   tempera- 
t  the  two  measurements  differed,  however,  by  several 
Ss,  so  that  the  two  sets  of  graduations  on  the  zinc  strips 
quite  divergent,  and  it  was  only  after  the  final  reduc- 
latlhe  two  results  were  known  to  be  so  nearly  identical,* 
he  author  has  measured  a  number  of  bases  about  one 
e  in  length,  in  connection  with  students  practice  sur- 
y  the  methods  given  above,  and  in  each  case  obtained  a 
le  error  of  the  mean  of  three  or  four  measurements  of 
n  one-millionth  part  of  the  length  of  the  line.     The 
as  always  done  on   densely  cloudy  days,  all   the  con* 
f  tape  and  thermometers  being  well  determined* 

^^pfof^  R.  S,  Woodward  when  asbisUot  on  the  tJ.  S,  C.  and  G  Survey. 
fauM  five  measure  mental  of  a  base  line  3,807  meirc^  long*  in  four  sections, 
10  5s(ed  t:ipes»  making  iwo  mea!3iirLtiient&  with  each  at  night,  and  one 
pcni   m  the  day  time  in  clear  sunLighl.       These  results  g»ve  a  probable 

l^e  mean  of  all  of  the  results  of  — — — part,  tjot  iucluding  the  error  in 

2*000,000  ^  ^ 

th  of   the  tape  fiaelf.   and    a  probable  error  of  — r part  when  all 

1,290^000 

^  error  an?  taken  into  account.     See  a  paper  on  The  Use  &f  L^ng  Steti 
Mtamring  Sate  Litifi.  Tmns.  Am.  S>c.  C.  E^  Vol  XXX,  <  1893),  p.  81. 
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MKASirREMENT  OF  THE  ANGLES. 

356.  The  Instruments  ust;d  in  triangulation  are  dcsijrned 
cspcciall)^  for  the  accurate  incasurcment  of  horizontal  angles. 
This  demands  very  accurate  centring  and  fitting  at  the  axis,  and 
strict  uniformity  of  graduation.  It  was  formerly  supposed  tliat 
the  larger  the  circle  the  more  accurate  the  work  which  could 
be  done.  It  is  now  known  that  there  is  no  advantage  in  having 
the  horiitontal  limb  more  than  ten  or  twelve  inches  in  diameter. 
There  are  two  general  methods  of  reading  fractional  parts 
of  the  angle,  smaller  than  the  smaUest  graduated  space  on  the 
limb.  One  is  by  verniers*  the  other  by  micrometer  micro- 
scopes.    Verniers  may  be  successfully  used  to  read  angles  to 

I    the  nearest  ten  or  twenty  seconds  of  arc.  but  if  a  nearer  ap- 

I    proximation  is  desired  microscopes  should  be  employed. 

Fig*  132  shows  a  high  grade  of  vernier  transit,  capable  also 
of  reading  vertical    angles  to  70'.     Its  hori?.ontal    limb    is  S 

i  inches  in  diameter  and  reads  by  verniers  to  ten  seconds.  It 
may  be  used  as  a  repeating  ^  instrument,  and  used  either  with 
or  withoyt  a  tripod*  To  mount  such  an  instrument  upon  a 
station  or  post,  a  trivet*  made  of  brass  and  shown  in  Fig.  135,  is 
used.  The  pointed  steel  legs  are  driven  into  the  station,  the 
centre  of  the  opening  being  over  the  station  point.  The  arms 
have  angular  grooves  cut  in  their  upper  surface*  On  this  trivet 
may  beset  any  three-legged  instrument,  so  long  as  the  radius 

^#f  its  base  is  not  greater  than  the  length  of  the  trivet  arms. 

^t  ^^^b^  133  shows  one  of  the  latest  forms  of  instruments  for 
reading  hori?;ontaI  angles  in  primary  triangulation  used  on  the 
U  S.  C  &  G.  Survey,  It  reads  by  three  micrometer  micro* 
scopes  to  single  seconds,  there  being  lui  auxiliary  microscope 
of  low  power  used  for  setting  on  different  parts  of  the  limb* 
There  is  also  a  micrometer  attachment  to  the  eyepiece  for 
astronomical  work.  It  has  a  twelve-inch  horizontal  circle  and 
two  small  vertical  circles  with  verniers  for  setting  approximate 
*  Sec  An.  359  /or  an  cxplannUon  Qt  ttiis  \cfm. 
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altitudes  for  stellar  observations  for  azimuth.  The  cirwh 
rim  at  bottom  is  for  handling  only.  The  frame  of  this  mm 
ment,  including  the  microscope  arms,  is  very  strong  and  rigi 
In  Fig.  134  is  shown  an  altazimuth  instrument,  or  an  i 
strument  designed  for  accurately  measuring  altitudes  as  well  i 
the  azimuths  of  points  or  lines.  Both  horizontal  and  veitic 
limbs  arc  read  by  means  of  micrometer  microscopes.  Suchi 
instrument  is  designed  especially  for  astronomical  observalia 
for  latitude  and  azimuth,  but  may  also  be  used  as  a  meridi 

or  transit  instrument  for  obsd 

ing  time  as  well  as  for  racasurj 

horizontal  and  vertical  angles 

triangulation*     It  is  in  fact  t 

universal    geodetic     instrumeii 

just  as  the   complete  engintcr 

transit  is  the  universal  inst rumen 

1  n  o  rd  i  n  ary  su  rvey i  ng,     I  n  almos 

all  cases  where  micrometers  af( 

used  in  reading  the  angle*  tb 

limbs  are  graduated  to  five  or  ten  minutes  and  the  reading: 

made  to  single  seconds, 

357.  The  Filar  Micrometer*  is  used  for  the  accurate  mea* 
urement  of  small  distances  or  angles,  when  the  required  cxid 
ncss  is  greater  than  can  be  obtained  by  means  of  a  vertiic 
scale.  It  is  usually  combined  with  a  microscope,  the  mic 
ter  threads  and  scale  lying  in  the  plane  of  the  image  proi 
by  the  objective.  This  image  is  always  larger  than  the  objc< 
itself  in  microscopes,  and  therefore  a  given  movement  of  th 
wires  in  the  micrometer  corresponds  to  a  veiy  much  Icssdt 
tancc  on  the  object  sighted  at,  according  to  the  magnifyin 
power  of  the  objective* 

•  fr^ui /lum.  thread;  miftvs.  small,  and  mtir^Sj  measure.     The  lhtcad»**< 
this  case  a  spider's  web,  or  scratches  on  glass. 


Fic,  135. 


KThe  frame  holding  the  movable  wires  has  a  screw  with  a 
f  fine  thread  working  in  it,  called  the  micrometer  screw. 
imB  screw  has  a  graduated  cylindrical  head,  or  disk,  attached 
lo  it,  there  usually  being  sixty  divisions  In  the  circumference 
when  used  in  angular  measurements.  The  number  of  whole 
revolutions  are  recorded  by  noting  how  many  teeth  of  a  comb- 
scale  are  passed  over,  this  scale  being  nearly  in  the  plane  of  tlie 
wires  and  therefore  in  the  focus  of  tlie  eye-piece.  The  frac- 
tional  parts  of  a  revolution  are  read  on  the  graduated  screw- 
head  out.side.     These  micrometer  attachments  are  shown  oiij 


thf  two  microscopes  in   Vk 


133  and  on  the  five  in  Fig*  134. 

h 


Fig.  13$. 

Fig,  136  is  a  sectional  view  of  a  filar  micrometer.  The  graduat- 
ed head  A  is  attached  to  the  milled  head  m,  forming  a  nut  into 
which  the  micromcter'Scrcw  a  works.  This  screw  is  rigidly  at- 
tached to  the  frame  ^,  to  whicli  arc  fastened  the  movable  wires 
/»  The  comb-scale  s  and  fixed  wire  /are  attached  to  the 
ff^me  e,  which  is  adjusted  to  a  zero- reading  of  the  graduat 
head  by  the  capstan-screw  d.  The  lost  motion  on  both  of 
these  frames  is  taken  up  by  springs.  The  complete  revolutions 
^^  the  screw  are  counted  on  the  comb-scale,  and  the  fractional 
part  of  a  revolution  on  the  graduated  head.  The  reading  is 
^ade  by  bringing  the  double  wires  symmetrically  over  a  grad- 
uation, the  space  between  the  wires  being  a  little  more  than 
the  width  of  the  graduation,  when  the  exact  number  of  revolt 
tions  and  sixtieths  are  read  on  the  comb-scale  and  on  the  head. 


ITas  they  appear  to  be,  the^ 
tween  wires  and  eye.     The 
opposite  from  the  apparent 

If  the  limb  is  graduated] 
lution  of  the  screw  correspc 
then  just  ten  revolutions  of 
from  one  graduation  to  the 
then  the  value  of  a  ten-min^ 
number  of  times,  by  runainl 
mean  result  taken,  and  from 
the  screw  determined.     Tlus 
screw,'*  and  a  correction  is  ap' 
always  made  in  degrees,  mini 
revolution  a  minute  and  one  c 
arc.     This  correction  is  called 
be  determined  for  all  parts  of 
one  revolution  is  not  exactly 
be  adjusted  by  moving  the  o' 
out  a  little,  or  the  whole  mi( 
ence   to  the  limb,  thereby  cl 
Even  when  this  adjustment  h 
still  a  correction  for  run  on  a 
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ctive,  in  which  case  the  size  of  the  image  would  vary  to  a 
espoiidiiig  degree-     To  determine  this^  the  values  of  ten* 
ute  spaces  are  determined  on  various  parts  of  the  limb, 
id  if  Jhese  are  not  constant,  then  a  table  of  corrections  for  run 
may  be  made  out  for  different  parts  ot  the  circle,* 

For  readin*^  on  graduated  straight  lines  the  double  threa*' 
give  better  results  than  either  the  single  thread  or  the  inr 
sming  threads-  The  ^pace  between  tiie  threads  should  be  .t 
little  greater  than  the  width  of  the  image  of  the  graduation- 
line,  so  that  a  narrow  strip  of  the  limb's  illu minted  upper 
stirface  may  appear  on  either  side  of  the  graduation  and  inside 
the  wires.  The  setting  is  then  made  so  as  to  make  these  illu- 
minated lines  of  equal  width.  It  is  conceded  that  such  an  ar- 
mngement  will  give  more  exact  readings  than  any  other  that 
lias  been  used. 

The  magnifyuig  power  of  the  microscope  is  from  thirty  to 
fifty. 
I  358.  Programtne  of  Observations.— There  are  two  gem 
kiRil  methods  of  reading  angles  in  trianijulation  work.  One 
Method  consists  in  measuring  each  angle  inde- 
pendently, usually  by  repeating  it  a  number  of 
times  by  successive  additions  on  the  limb,  and 
then  reading  this  muUipHed  angle,  which  is  di- 
vided by  the  number  of  repetitions  to  give  the 
true  value  of  the  angle.  In  the  other  method 
tile  readings  are  made  on  the  several  stations  in 
order,  as  A,  B,  C,  A  and  E,  in  the  figure,  and 
the  uugies  found  by  taking  the  difference  between 
tile  successive  readings.  Each  method  has  its 
advantages  and  disadvantages.  If  the  instrument  has  an  ac- 
^i^rate  fitting  in  the  axis,  clamps  which  can  be  set  and  loosened 
without  disturbing  the  positions  of  the  plates,  is  provided  with 
^^miers  which  have  a  coarse  reading,  as  twenty  or  thirty  sec- 
^^ds,  and  accurate  work  is  desired,  and  if  such  an  instrument 

.  *  On  the  U.  S.  C  &  G»  Survey  the  cfjrredtinri  lor  rtin  isrliminaled  by  chang- 
^^ff  the  $elt:]ng  on  the  irtUlal  station  by  5  min.  -^  «  each  time,  where  n  U  the 
'^^^bcr  of  sets  of  it^dings  ukea.     This  gives  readmg^  ov^t  &\\  ^i.i\&  ol  \\l«^t^^u 


'around  the  horizon,  bacl 
of  readings  have  been  ot 
359.  The  RepeatinJ 
merly  used  almost  exclu! 
now  used  with  the  most  | 
that  systematic  errors  \i 
repetition  of  a  single  angl 
ratus.  If  this  method  is 
first  towards  the  right  aiu 
of  repetitions  making  a  sed 
tiptied  angle  a  multiple  o^ 
eliminate  errors  of  graduat; 
of  60°  repeat  it  six  times  ; 
repeat  six  times  in  the  op 
inverted.  If  triangulation 
dary  engineer*s  transit,  wt 
minute,  this  method  may! 
is  na  movement  of  circles  ff 
and  n&  l0$i  nwtwn  m  the  a 
follows :  i 

PI 

Tele 
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ntil  the  entire  ctrcle  has  been  traversed,  then  read  both  ver- 
fers  while  pointing  to  right  station.  The  total  angle  divided 
y  the  number  of  repetitions  is  the  measure  of  the  angle 
>ught. 

Telescope  Reversed. 

11.  Set  on  right  station,  and  read  both  verniers. 
2.  Unclamp  above  and  set  on  left  station. 


1. 

2. 

3- 
6. 


below 

above 
below 
above 
etc, 


right 

left 

right 

left 

etc, 


nttl  the  entire  circle  has  been  traversed  by  each  vernier,  when 

olh  verniers  are  read  on  the  left  station* 

The  repetition  in  opposite  directions  is  designed  to  elimi- 
ate  errors  from  clamp  and  axis  movements^  and  the  revers- 
ig  of  the  telescope  is  designed  to  eliminate  errors  arising 
rom  the  line  of  sight  not  being  perpendicular  to  the  hori zon- 
al axis,  and  from  the  horizontal  axis  not  being  perpendicular 
othe  vertical  axis  of  the  instrument** 

As  many  such  sets  of  readings  may  be  made  as  desired, 
\ut  there  should  always  be  an  even  number,  or  as  many  of  one 
dnd  as  of  the  other  It  will  be  observed  that  \,V40 pointings 
tre  taken  for  each  measurement  of  the  angle,  but  com  para- 
Jveiy  few  readings  are  made* 

360.  Method  by  Continuous  Reading  around  the  Hori- 
EOa.--By  this  method  the  limb  is  clamped  in  any  position,  and 

*  In  case  ihe  instriimrnt  used  is  a  theodolite,  and  Us  telescope  cannot  be 
evolved  Ofi  lis  horizontal  axis,  it  should  be  lifted  from  the  pivot  bearings  and 
■iroed  over  end  for  end,  leaving  the  pivots  in  their  former  bearings.  If  iht> 
^^itiot  be  done  conveniently,  then  the  Itmb  should  be  shifted  bj/  360-5-  «  (sec 
^^*t  page)  each  time,  and  this  will  result  in  mostly  eli mi naiing  ihese  same  errors 
f  tollimation  and  inclination  of  horizontal  axis*  If  It  be  iQund  that  the  vertical 
*e5  arc  not  paralleU  then  at  least  four  seis  of  readings  should  be  taken  and 
*^e  should  be  distributed  Upon  the  horizontal  lijubsymtneirkally  with  reference 
^  '►he  plane  of  greatest  inclination  between  the  two  vertical  axes. 
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left  undisturbed  except  between  the  different  sets  of  readings] 

The  pointings  are  tnade  to  the  stations  in  succession  around j 

the  horizon,  and  both  verniers,  or  microscopes,  read  for  ckII 

pointing.     Thus,  if  the   instrument  were  at  o*  Fig,  137.  tt«| 

pointings  would  be  made  to  ^,  ^,  CD,  and  E.     If  the  tekicope 

fs  now  carried  around  to  the  right  until  the  line  of  sight  ;\giJii I 

falls  on  Ay  and  a  reading  taken,  the  observer  is  said  tod&JcJ 

the  horizon  :  that  is,  he  has  moved  the  telescope  cantinucmslfi 

around  in  one  direction  to  the  point  of  beginning*     If  ihetuftl 

readings  here  do  not  agree,  the  error  is  distributed  zmo^%  \h\ 

angles  in  proportion  to  their  number,  irrespective  of  their  ^ 

It  is  questionable  whether  such  an  adjustment  ^di\^ 

the  accuracy  of  the  nngle  values,  and  therefore  it  is  t'»:ii  1 

to  read  to  the  several  stations  back  and  forth  without  lio  7^_- 

the  horizon.     Sum-angles  can   afterwards  be  read  if  desired  j 

Thus,  after  the  regular  readings  have  been  taken  onlhc^ta- 

tions,  the  angle  AOE,  or  AOC,  and  COE.  may  be  read.andi 

one  or  more  equations  of  condition  obtained. 

If  the  station  is  talk  there  is  always  a  twisting  of  its  I 

clear  weather  in  the  direction  of  the  sun  s  movement. 

twisting  effect  has  been  observed  to  be  as  much  asl'ttl 

minute  of  time  on  a  seventy- five- foot  station.     To  elimiflat^ 

this  action  the  readings  are  taken  both  to  the  right  and  tothej 

left.     The  reading  of  opposite  verniers*  or  microscopes,  cliin>| 

nates  errors  of  eccentricity,  the  inverting  of  the  telescope  etoi-l 

nates  errors  of  adjustment  in  the  line  of  coltimation  andhori-j 

zontal  axis,  and  to  eliminate  periodic  errors  of  graduation  cacirj 

angle  is  read  on  symmetrically  distributed  portions  of  the  lim^I 

To  accomplish  this  the  limb  is  shifted  after  each  set  of  rcatj 

180°  I 

ings  an  amount  equal  to ,^  where  n  Is  the  number  of  seM 

of  readings  to  be  taken.     The  following  is  the 

*  Fof  enc^ptioiit  see  foot-note  on  previous  pigv. 


b 
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^^  Set 

I 


PROGRAMME. 

Ttiiscope  normaL 

Read  to  right. 

Read  to  left, 
TdiSCQpe  inverted. 

Read  to  right 

Read  to  left- 
Shift  the  Limb. 


2D  Set 


Telescope  inverted. 
Read  to  right* 
Read  to  left. 

Teiescope  normaL 
Read  to  right. 
Read  to  left. 
Shift  the  Limb. 


Evidently  each  set  is  complete  in  itself,  and  as  many  com- 
plete sets  may  be  taken  as  desired,  but  no  partial  sets  should 
>e  used.  If  the  work  is  interrupted  in  the  midst  of  one  set  of 
eadings,  the  partial  set  of  readings  should  be  rejected,  and 
b'hen  the  work  is  resumed  another  set  begun.  In  reducing  the 
rork,  if  one  reading  of  any  angle  is  so  erroneous  as  to  have  to 
>e  rejected  this  should  vitiate  that  entire  set  of  readings  of 
hat  angle* 

If  preferred,  the  telescope  may  be  inverted  between  the 
ight  and  left  readings,  and  then  two  readings  on  each  mark 
k^ould  constitute  a  complete  set,  when  the  limb  could  be 
hifted  again.  If  this  were  done,  the  readings  at  o,  Fig.  137, 
Irould  be : 

1ST  Set  J  Telescope  Normal — Read  ABCDE. 
^  I  *  Inverted       "     EDCBA. 

Shift  the  Limb- 
j  Telescope  Inverted— Read  ABCDE. 
I         "  Normal  *'      EDCBA. 

Shift  the  Limb. 


2D  Set 


36Ip  Atmospheric  Conditions.— In  clear  weather  not  even 
Fair  results  can  be  obtained  during  the  greater  part  of  the  day. 
Prom  sunrise  till  about  four  o'clock  in  the  afternoon  in  sum- 
a£r  the  air  is  so  unsteady  from  the  heated  air-currents  that 


Tack  of  a  simple  and  efficj 
usually  prevt-nted.     The 
ground  the  less  it  is  affect 
362.  Geodetic  Night 
U-  S.  Coast  and  Geodetic  S| 
in  1879  at  Sugar  Loaf  Mouj 
testing  the  efficiency  of  cer 
tivc  values  of  day  and  nightl 
pendiK  No.  S  of  the  Reportj 
1S80.     It  seems  that  either 
trie*'  coal-oil   lamp,  assisted 
large  lens,  gives  a  light  visib' 
elusions  are: 

t.  That  night  observatioi 
those  by  day,  but  the  differe 

2.  That  the  cost  of  the 
heliotropes. 

3.  That  the  apparatus  cai 
of  men  as  those  ordinarily  er 

4.  That  the  average  time 
be  more  than  doubled  by  obi 
of  occupation  of  a  station  p 


\ 
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third  taken  to  be  i8o°  minus  their  sum, 

e  mounted  near  to  the  geodetic  point 

♦•ation  measured  from  this  position. 

•ery  nearly  the   same  as  though 

n,  and  may  readily  be  reduced 

the  true  station  point  had 

"-  C  be  the  true  station  to 

♦:ations,  and  C  the  posi- 

^ngles  at  this  station. 

"^  ^e 

^  '^  «dsured 

.dte  value  of 

.Ki  lengths  of  the 

-u.      At   C  the  angle 

JL  with  the  same  exactness 

^re  the  angle  C  itself  and  the 

^    Of  is  measured  by  a  single  ob- 

^e   distance   CO  =   r  is   also 

the  exterior  angle  at  the  inter- 

t-O-ff,  is  equal  to  the  sum  of  the  opposite  interior 


.:.  ..I 


i«dii 


%   ^  ^ 


^ 


^C'+^, 


or 


c=<:'+(x-,). .  .  (I) 


angle  ACC  we  have  the  sides  b  and  r  and  the 
wHown,  whence 


sm  X  = 


rsin(r+a) 


smj'  = 


b 
r  sm  a 


,     .     .     .     (2) 


id  J'  are  very  small  angles,  their  sines  are  propor- 
;ir  arcs,  and  we  may  write  sin  ;r  =  ;r  sin  \"  where 


Substituting  these  val 


ues  i: 


C=C 


Sin  I 
^here  the  correction  to  C 


Fig. 


'40. 


C"t   since  the  angles  x  and 
equal  to  their  r,rrc   ..,..  ..     . 
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(6) 


There  are  four  cases  corresponding  to  the  four  positions  of 
^,  as  shown  in  Fig.  140.     For  these  several  cases  we  have 

ADJUSTMENT  OF  THE  MEASURED  ANGLES. 

364.  Equations  of  Conditions. — When  any  continuous 
[uantity,  as  an  angle  or  a  line,  is  measured,  the  observed  value 
5  always  affected  by  certain  small  errors.  Indeed,  it  would 
lot  be  possible  even  to  express  exactly  the  value  of  a  contin- 
lous  quantity  in  terms  of  any  unit,  as  degrees  or  feet  and 
ractional  parts  of  the  same,  even  though  this  value  could  be 
exactly  determined.  If,  therefore,  the  measured  values  of  the 
hree  angles  4Df  a  triangle  be  added  together,  the  sum  will  not 
>c  exactly  180°.  But  we  know  that  a  rigid  condition  of  all  tri- 
ingles  is  that  the  sum  of  the  three  angles  is  180°.  An  equation 
vhich  expresses  a  relation  between  any  number  of  observed 
luantities  which  of  geometrical  necessity  must  exist  is  called 
m  equation  of  condition,  or  a  condition  equation.  Thus,  in 
he  above  case,  if  A\  B\  and  C  be  the  mean  observed  values 
^i  the  angles,  and  A,  By  and  C  their  true  values,  we  would 
Uve  for  our  condition  equation 


A  +  B+C=iio'' 


(I) 


*  Log  sin  i"  —  4.6855749. 


tl 

Ul 

th 

^0   PL 

length  of  the  side  e  as  co 
measured  length,  and  so  we 


b 
c  =  —. 

SI 


Again,  ir  the  side  a  had  I 
found,  we  would  obtain  the 


a  = 


SI 


We  now  have  three  indec 
unknown  quantities,  and  can 
*.and<r'.     Butifonlv 


one  SK 


GEODETIC  SURVEYING,  54 1 

5  of  values  of  tf ',  b\  and  c\  which  would  satisfy  this  equation, 
^e  now  impose  the  condition  that  the  corrections  shall  be 

most  probable  ones,  then  there  is  but  one  set  of  values  that 
I  be  taken. 
Equation  (i)  is  called  an  angle  equation,  since  only  angles 

involved  ;  while  equations  (2)  and  (3)  are  called  side  equa- 
W5,  since  the  lengths  of  the  sides  are  also  involved. 
365,  Adjustment  of  a  Triangle. — The   finding  and   ap- 
ing of  the  most  probable  corrections  to  the  measured  values 
the  angles  of  a  system  of  triangulation  is  called  adjusting 

system.  In  the  case  of  a  single  triangle  with  one  known 
e  and  three  measured  angles,  we  have  seen  that  there  is  but 
5  equation  of  condition.  If  the  three  angles  have  been 
jally  well  observed,  then  it  is  most  probable*  that  they  are 
equally  in  error,  and  hence  this  condition  of  highest  proba- 
ity  gives  us  the  probability  equation 

a'  =  b'^d (4) 

ich  enables  the  corrections  to  be  determined. 
rhus,let    ^'  +  ^'  +  ^-180°  =  ^'  +  *'  +  ^:'  =  ^; 
:n  from  (4)  we  have 

a'  =  *'=^'=|- (5) 

ere  Fis  the  error  of  closure  of  the  triangle. 

*  That  is,  this  relation  is  more  probable  than  are  any  other  single  relation 
:  can  be  assigned,  but  of  course  it  is  not  more  probable  than  all  other  cases 
ibined. 


intersection  of  the  diagonl 

{&)  The  computed  len» 
from  any  other  side,  as  j« 
triangles,  as  ABC,  BDC^  al 
both  cases*  I 

The  probability  conditil 
plied  to  the  several  angle! 
other  one  of  the  infinite  nJ 
would  satisfy  the  other  corl 

The  condition  given  in  (] 
and  that  given  in  {b)  gives  \ 

There  are  evidently  eig 
termined. 

367.  The  Angle-equat 
lateral  A  BCD  we  have  fou 
have  been  observed,  two  1 
other  two  angles  of  the  cor: 
served,  and  the  quadrilaten 


♦  It  (s  Tiot  necessary  \o  take  aci 

sinfi^le  inangic  or  quadrilateral ;  bu 

tn angles  U  is  necessary  thai  all  ih' 

spbcrJcal  excess  will  be  omitted  ;  b 

je  f  tedjnequaiions^iyi^l^^ 
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511  observed  ;  making,  in  all,  seven  geometric  conditions  to 
fulfilled.  Only  three  of  these  conditions  are  independent, 
iirever,  since  where  any  three  independent  conditions  are 
filled  the  remaining  four  are  fulfilled  also.  Thus,  a  great 
riety  of  conditioned  equations  could  be  formed,  but  we  will 


Fig.  X43. 


Dose  the  three  which  give  the  simplest  equations,  viz. :  that 
s  opposite  central  angles  shall  be  equal,  and  that  the  sum  of 

the  angles  of  the  quadrilateral  shall  be  360°.  These  give 
2  to  the  following  equations : 

\iA^,  B^,  B^,  C»  etc.,  be  the  observed  angles,  and  /„  /,,  and  /, 
5  residuals  in  the  several  combinations,  due  to  erroneous 
terminations,  then  we  have : 

3»-{^.+^.)  -  j  .80  -  (C.  +  A)i  =  /., 

-A,-B,  +C.  +  A  =A-(i) 

nilarly         -B,-  C,  +  A  +  ^.  =  4  (2) 

d     ^.+^.+5.+  c;  +  c.  +  A  4-  A  +  ^.  -  360°  =  /..  (3) 


344 
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If  the  angles  have  all  been  equally  well  observed, — tbati^ 
their  mean  observed  values  have  equal  credence ,^th^n  ll 
are  said  to  have  equal  weight,  and  any  residual  arising  ff 
any  combination  of  angles  should  be  distributed  uniM 
among  the  angles  forming  such  combination,*  Thus  (an 
from  the  angles  A^,  B^,  C,,  and  D^.  This  residual  should  lb 
fore,  be  divided  equally  between  these  four  angles,  W 
this  is  done  we  have 


-(^^+4V(^*+!)+^'-i+^* 


4 


Similarly 

It  is  evident  that  if  /,  be  now  divided  uniformly  among 
eight  observed  angles,  it  will  not  affect  the  two  iidjtistmi 
already  made;  neither  have  the  adjustments  already  a 
affected  the  third  condition,  expressed  by  eq.  (3),  since  « 
amounts  have  been  added  and  subtracted.  Hence  these 
justments  may  be  made  in  sequence  as  well  as  simultancot 
and  we  shall  have  for  the  total  corrections  for  angU-e 
tions  ^B 

-(|+l)+'<.-(f+7)-3«o-=o.     .    .    . 


*  The  errors  in  the  mean  observed  values  of  the  angles  arc  supposed 
iulc  from  the  smaU  incidental  errors  and  approximaiions  matlt  in 
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r  if  r„  r„  r,,  etc.,  be  the  total  corrections  to  the  several  mean 
kserved  angles  for  angle-equations,  we  have 


v.  =  v.=  — 


v,=  v,= 


8     ' 
8      • 


«-,  =  »,=  - 


v,  =  v,  =  - 


8     • 

/.  +  2/.. 
8     • 


•     (7) 


j68.  The  Side-equation  Adjustment.— In  the  quadri- 
teral  shown  in  the  figure,  let  AB  be  the  known  side,  and  CD 
e  required  side,  which  is  to  be  computed  through  two  inde- 
:ndent  sets  of  triangles.  Let  A,',  B^,  B,',  etc.,  be  the  several 
igles  corrected  for  angle  conditions  by  the  corrections  found 

eq-  (7)- 
As  computed  through  the  first  set  of  triangles,  we  have 


_  ^Csin  B^'  _  AB  sin  A,' sin  B,' 
"^  ~     sin  D;     ~      sin  C:  sin  /).'   '     '     '     ^^' 


-    ..    ,  T>^      ADsxnA'      ABs\nB's\nA' 

tmilarly       Z?C  = -^j;;^^  = -^7;^r-VrT7yi.    .     .    (9) 


sin  C^ 


sin  C^  sin  Z?/ 


i/hence 


sin  A^  sin  B^  __  sin  B^  sin  A^ 
sin  C4'  sin  /^/  ""    '     ^'    '     ^' 


Mil  .4->,    :»iii  yi, 

sin  Cj'  sin  Z>/  * 


ading,  etc. ;  in  other  words,  they  are  supposed  to  be  errors  of  observation  and 
>t  instrumental  errtfrs,  these  latter  having  been  eliminated  by  the  method  of 
aking  the  observations.  Since  the  sources  of  the  errors  of  observation  are 
le  tame  for  small  as  for  large  angles,  it  follows  that  they  should  be  credited 
itb  eqnal  portions  of  the  aggregate  error  of  any  combination  of  angles,  re- 
(fdless  of  the  size  of  the  angles  themselves. 


';4^> 


SUJ^VEYIN^G. 


or 


sin  A I  sin  S^  sin  C/  sin  D^- 
sin  B^*  sin  C/  sin  Z?/ 


sin  Z?,'  .  J 


which  is  called  the  side-equation. 

It  is  evident  that  in  any  case  where  the  angles  have  i 
been   observed,  even  after  they  have   been  adjusted  for  ih 
angle-conditions,  this  equation  will  not  hold  true,  the  valocc 
the  left  member  being  a  little  more  or  less  than  one.    Wha 
put  into  the  logarithmic  form  for  computation,  therefore, 
wilt  have 


log  sin  A^'  -\-  log  sin  5/  +  log  sin  C/  +  log  sin  />/ 

—log  sin  5/  —  log  sin  C/  —  log  sin  D^  —  log  sin  A^  =4Ui| 


where  l^  is  the  logarithmic  residual  due  to  erroneous  obsen 
tions. 

We  must  now  distribute  this  residual  /^  among  thelogsind 
according  to  the  most  probable  manner  of  the  occurrcncM 
the  errors  which  caused  it.  For  a  given  small  error, as  T.i^ 
any  angle,  the  effect  on  the  log  sine  is  measured  by  the  h 
rithmic  tabular  difference  for  l""  for  that  angle.  This  tahtita 
difference  varies  for  different  angles,  being  large  for  angk 
near  zero  or  i8o°t  and  small  for  angles  near  go°. 

Let  v^\  v^,  v/,  etc.^  be  the  corrections  to  be  made  to th 
angles  A/,  B^\  B^\  etc.,  for  the  side-equation  (n)»  and  Idi 
d^,  ti^,  etc.,  be  the  corresponding  logarithmic  tabular  differeno 
for  1^ 

Now,  the  influences  on  /^  of  the  small  angular  errors  we 
in  direct  proportion  to  the  tabular  differences  of  the  corrcspow 
inglog  sines  :  therefore  the  corrections  should  be  in  proportid 
to  the  corresponding  tabular  differences.     In  other  words,  the' 
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ection^  are  weighted  in  proportion  to  their  tabular  differ* 
^s.*     We  therefore  have  the  numerical  relation: 

W  v^  \d^v.v^\d^\\v^'\d^y  etc., 

papng  attention  to  signs. 


w 


But  since  the  log-sine  correction  is  the  angular  correction 
tiplied  by  the  tabular  difference,  and  since  the  sum  of  these 
;ld  equal  /^,  we  would  have 

,-w.W,+«'.X-t',V,+z/.X-i'X+f,'rf,-«'.V.=  -/.-  •  ('3) 

m  equations  {12)  and  (13)  we  are  to  find  the  side-equation 

ections  z\\  %\\  v^\  etc. 

Dividing  eq.  (13)  by  eq.  (12),  term  by  term,  we  have 

d:^d/  +  d:+d:+d:  +  d;  +  d:     ^ 


b 


To  iHustratc  this  prmciple  more  fully,  !«t  u%  suppose  that  for  a  change 
in  the  angles  Ai  and  .4^  the  to rres ponding  changes  in  the  log  sines  are  i 
fi  and  2  for  Ati  then  for  a  given  error  of  i  m  log  sin  .4i  -|-  tog  sin  A,  ^  I 
•  are  two  chances  that  It  came  from  Ai  10  one  chance  that  it  canie  from  *4,, 
I  these  angles  were  equally  w^W  observed.  If  the  error  is  to  be  divided 
een  the  angles  Jt  and  .-It.  therefore,  we  should  make  the  correction  to  .4s 

as  great   as    the    correction    to  Au  <^^  ri's  t^i'j :  ^i :  ^i,  whence  ^  ^^ - 

iamc  reasoning  would  J>old  evidently  for  any  number  of  angles,  hence  cq,  (12), 
By  eq.  (in  it  will  be  seen  thai  the  correct ioni>  to  the  angles  having  odd  sub* 
$  must  be  of  opposite  sign  from  those  having  even  ^ubscripti. 
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Whence  we  have,  for  the  values  of  these  corrections. 


< 
d. 


».' 


d. 


d. 


d, 

<. 
d. 


d. 


K 


2{d')' 


•    (« 


We  have  now  found  a  set  of  corrections,  p,,  t\,  %^  etcje 
7),  for  the  angle-equations,  and  a  set  of  corrections^  z\\  i^,>J 
etc,  (eq.  i4)j  for  the  side-equation  :  but  they  were  determifl« 
independently  and   not  simultaneously^  and    therefore,  wb 
successively  applied,  each  set  of  corrections  will  disturb  i 
former  adjustment  somewhat.     Thus,  if  the  corrections  iflc 
(7)  be  first  applied^  and  then  those  of  eq.  (14),  using  the  j 
tially  corrected  angles  in  finding  /^  by  eq,  (11),  we  would! 
eq.  (lOj  would  be  satisfied,  but  i,,  /„  and  /„  in  equations  (i)p(:j 
and  (3),  would  now  not  be  zero  when  the  newly  adjusted  angk 
were  used.     Another  set  of  corrections  t^/,  v/,  v/^  etCn  fnt^ 
now  be  found  by  cq»  (7)  for  ^he  adjusted  angles  A^',  B^\B!^ 
etc.,  and  so  on  by  successive  approximations,  using  thec^n 
tions  of  equations  (7)  and  (14)  alternatelyp  until  both  scts< 
conditions  were  satisfied  within    the  desired    limits.    It ' 
usually  be  found,  however,  that  the  adjustment  for  side-cqtS 
tion  docs  not  materially  disturb  that  for  angle-equation& 
the  angles  were  a)l  the  same  size,  so  that  the  corrections  to  i 
log  sines  would  have  equal  weight,  the  first  adjustment  woi 
remain   undisturbed.     In  this   case,  the  corrections  for  sid 
equation  would  all  be  numerically  equal,  the  odd  and  t^ti| 
subscripts  having  opposite  signs.     If  the  observed  angles  i 
between  30"^  and  60'',  as  they  would  in  a  fairly  symmetri 
quadrilateral,  then  the  errors  of  this  approximation  would  I 
quite  inappreciable. 
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369.  Rigorous  Adjustment  for  Angle-  and  Side-equa* 
►ns. — Let  the  angle-equation  adjastmcnts  be  applied  as  given 

eq.  (7).  Then,  using  these  adjusted  angles,  let  the  correc- 
ns  to  the  angles  for  side-equation  be  so  expressed  that  they 
ill  not  be  inconsistent  with  the  angle-equation  conditions, 
latever  their  values.     This  may  be  done  by  letting 


^t  +  ^i. 
jr^  +  jr„ 


Then,  analogous  to  eq.  (r3),  we  may  write 


Cx.  +  X,)  -  <(jr,  -  X,)  -  dlx,  -  x^  -f-  <(x,  f  -r,) 


I 


herein  4  ^s  given   by  eq.  (n),  and  them's  are  the  tabular 
fiferences  for  one  second  for  the  several  log  sines  as  before. 
If  J  for  simplicity,  we  write  for  the  coefficients  of  x^.  jr,,  x„ 
|dx„  respectively,  C^,  C,,  C,,  C^,  and  C^,  then  (17)  becomes 


C>,  +  C.a:,  +  O,  +  O,  4*  C,Z,  =  -  t,. 


(IB) 


^v  remains  to  find  the  values  of  jr„  x^,  x^,  x„  and  -r,,  such 
it  their  combinations  which  make  up  the  angle-corrections  as 
'^en  in  eqs,  (15)  shall  be  the  most  probable* 
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To  make  (1 8)  symmetrical  with  (15),*  wc  may  put  it  in 
following  form; 


In  the  argument  preceding  the  derivation  of  eq.  i^n)  it 
found  that  the  measured  angles  required  to  be  corrected 
ieries  of  quantities  {Vy'.v/,  etc.),  which  quantities  were  foul 
be  to  each  other  as  the  tabular  differences  of  the  angles  tl 
selves;  and  eq.  (13),  which  is  a  summation  of  log  sine  cc 
tions,  shows  that  when  eq,  12  is  true  it  is  equivalent  to  sj 
that  the  most  probable  set  of  angle  corrections  (t>j',  tV,  e( 
that  set  which  are  respectively  proportional  to  their  nume 
coefficients  {d^^  d^t  etc).  This  is,  in  fact,  a  general  law  0 
theory  of  probabilities;  and  hence  we  say,  in  eq.  (19),  tha 
most  probable  corrections  {x^,  Xj,  etc)  are  those  which 
proportional  to  their  several  numerical  coefficients,  or,  we 
write  at  once^  as  a  condition  of  the  greatest  probability 


C  C 

Jr,  s  jFj : :  *p :  c^j  I  liTj ;  X, : :  -p  r  G,^  etc ; 
4  4 


or. 


4£^_£i^i£i-5 


Cq  Cy       6,  6, 


=  7^ ,  etc 


*  This  is  done  in  order  to  reduce  the  it^^ight  of  xa  to  ihat  of  eacli 
other  four  j'  components  o(  the  p  corrections  in  (is)»  as  Jr»  enteri 
dmea  ia  those  eq^uations  while  each  of  ihe  others  enters  O0]y  iivlcCt 
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:i€rcfore  the  condition  of  the  highest  probability  gives 


c,  -  c;  -  C-.  -  c;  -  c; 


(20) 


ividing  (18)  by  (20),  term  by  term,  we  have 


4£. 


£1 


^2 


^ 

t, 


/. 


f +^(C)* 


From  equation  (31)  the  side-equation  corrections  can  be 
t>mputed,  which  will  not  disturb  the  angle-equation  adjust- 
pientp  and  which  arc  the  most  probable  corrections  to  the 
tveral  angle- values. 

,  The  second  or  rigid  method  will  be  found  much  more  satis^ 
^ctoiy  than  the  method  by  approximations.  The  complete 
cjjustment  consists  in  applying  to  the  mean  measured 
alues,  the  corrections  from  angle-equations  given  by  equation 
>),  and  then  applying  to  these  corrected  angles  the  corrections 
pund  by  equation  (21). 

Note.— The  results  obtained  in  the  above  adjustments  are 
dentica!  with  those  found  by  the  method  of  least  squares,  and 
iie  fundamental  principle  by  which  they  are  obtained  is  also 
be  same  as  that  of  least  squares,  viz.:  that  the  arithmetic 


♦  Note  IhvtX  ^{C^)  does  not  include  q»». 
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mean  of  properly  weighted  observations  is  the  most  profeabM 
result,  and  is  identical  with  that  obtained  by  making  the  sud 
of  the  squares  of  the  corrections  a  minimum.     For  least-squa 
solutions  of  this  problem,  see  Clarke's  "  Geodesy,"  pp,  ^y 
and  Wright's  "  Adjustment  of  Observations/*  pp.  303-5. 


EXAMPtl. 

The  follcwmg  i^  the  numerical  computation  of  the  quadrilatcra]  phonal 
the  figure*  AB  Is  the  known  side*  and  CD  is  ro  be  found.  The  meamob 
values  of  the  angles  are  given  in  ihe  second  column.  The  conectbnft  I 
angle-equations  are  given  in  the  ihird  column,  and  are  the  same  for  all  tlri 
methods  of  soluiiou  given  above.  The  spherical  excess  is  here  applied  "nit I 
the  quadrilateral  as  a  whole,  or  to  /i,  thus  distributing  it  equally  aidotii  1 
several  angles.  This  is  a  common  way  of  doing  H,  although  if  the  exeesif 
eonstderable,  and  the  several  triangles  very  unequal  in  skc,  as  is  Ihe^icl 
it  should  be  applied  to  the  several  triangles  according  to  ihelr  siie,  a*  1 
the  fool-note,  p.  514* 

In  columns  7  *ind  S,  the  corrccijons  for  side  equation  are  worked  onlbytl 
two  methods  given  to  show  the  tetative  results*  Thus,  from  eq.  (14)  we  i 
the  values  of  Pi\  v^\  etc.,  for  the  first  approximaUon.  Applying  these  toll 
first  corrected  values  in  column  4^  and  again  taking  out  the  values  of  4#4 
and  /j,  for  angle-equation  conditions,  we  find  they  are  not  zero,  butreryj 
1 1  would  probably  be  sufficient  to  work  out  a  new  set  of  angle-correOiaiill 
eq.  (7)t  and  then  consider  the  quadrilateral  adjusted.  In  this  example,  m\ 
final  values  thus  found  would  then  differ  from  the  final  values  by  ibe  rfiij 
adjustment  by  not  more  than  o\2  for  any  angle* 

If  we  compute  CD  from  AB^  assuming  the  latter  to  be  25.0O0feet  (ffll 
we  obtain  88.670,9  ft.  in  passing  through  the  trbnglcs  ABC  and  BCD.y 
if  we  pass  through  ihe  triangles  ABD  and  A/JCwe  obtain  88671,1  ft,»W 
crepancy  of  0.2  ft.,  and  giving  a  mean  value  of  88671.0  ft  The  discrepwKj'l 
0.2  ft  in  the  two  results  by  the  rigid  solution  results  frotn  noi  coropuiioi  *J 
cor  reel  ions  beyond  tenths  of  a  ?5ccoiid. 

If  simply  a  check  on  the  final  corrected  values  is  desired,  it  may  be  obtiiMJ 
by  adding  them,  wh:^  their  sum  should  equal  360*  +  sphcncal  excess,  orfcfl 
taking  out  the  log  sines  and  seeing  if  -V  in  .q.  (11)  is  aero.  In  this  case  i'M 
not  zero,  but  g.  resulting  from  not  carrying  out  Ibc  corrections  beyond  te3i{il| 
of  seconds,  as  meniioned  above. 
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ADJUSTMENT   OF    LARGER   SYSTEMS. 

370.  Used  only  in  Primary  Trtangulation. — ^The  simt^ 
taneous  adjustment  of  all  the  angles  in  an  extended  system  c 
triangles  with  one  measured  base  which  is  taken  as  exact js J 
very  complicated  problem.     The  methods  of  least  squares  rau 
here  be  applied,  so  that  a  discussion  of  this  problem  be 
rather  to  a  treatise  on  geodesy  than  to  one  on  surveying, 
adjustments  of  a  triangle  and  of  a  quadrilateral  will  be  i 
sufficient  for  all  secondary  work,  or  such  as  is  intended  tos 
only  for  topographical  or  geographical  purposes*     Espedalljfj 
is  this  true  if  the  stations  be  so  selected  that  the  observ^ed  lift 
will  form  a  series  of  quadrilaterals.     The  adjustment  a( 
quadrilaterals  by  the  rigid  method  given  above  gives 
as  good  results  as  could  be  obtained  by  reducing  thewo^ 
single  system.     For  a  discussion  of  the  least-square  mcthoi 
of  adjustment  of  an  extended  system  of  triangles  the  sltidc 
is  referred  to  '*  Primary  Triangulation  of  the  U.  S.  Lake 
vey,"  being  Professional  Papers,  Corps  of  Engineers  U.  SJ 
No,  24;  Report  of  the  U.  S.  Coast  and  Geodetic  Survey  f(H 
1S75,  Clarke's  Geodesy;  and  especially  to  Wright's  "Ad 
ment  of  Observations/' 

The  facility  and  accuracy  with  which  base-lines  r 
be  measured  by  means  of  long  steel  tapes  will  result  in  act^ 
measuring  many  more  lines  than  has  heretofore  been  done,3 
so  errors  from  angular  measurements  will    not  be  allowedl 
accumulate  to  any  great   extent.     It   is  not  improbable  tli 
geodetic  methods  will  be  materially  influenced  by  this  nc 
method  of  accurate  measurement, 

371.  Computing  the  Sides  of  the  Triangles,— After  tli 
angles  of  the  system  are  adjusted,  the  sides  of  the  triangle^ 
computed  by  the  ordinary  sine  ratio  for  plane  triangle 
the  system  consist  of  simple  triangles,  then  one  side  is 
and  the  other  two  sides  computed  from  it.  In  this  case  thei 
is  no  check  on  the  computation  except  what  the  compute 
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cariies  along  with  him,  or  what  may  be  obtained  from  a  dupli* 
cate  computation. 

If  the  system  be  made  up  of  a  series  of  quadrilaterals,  then 
the  line  which  is  common  to  two  successive  quadrilaterals  is 
computed  through  two  sets  of  triangles  from  the  previous  known 
side.    Thus  if  the  quadrilateral  of  Fig.  142  be  one  of  a  series, 
the  lines  in  common  being  AB  and  CD,  then  AB  is  computed 
in  duplicate  from  the  previous  quadrilateral,  and  the  mean  of 
the  two  resuhs  taken.     In  the  triangle  ABD  compute  AD,  and 
then  in  the  triangle  ADC  compute  DC\  in  the  triangle  ABC 
Compute  BC  and  then  in  the  triangle  j5Cj9  compute  Z?C again, 
There  are  thus  obtained  two  independent   values  of  DC,  as 
Computed  from  AB.     If  the  adjustment  had  been  exact  these 
Values  wouLd  have  agreed  exactly,  but  the   adjusted   angles 
^*v ere  computed  only  to  the  nearest  second » or  tenth  of  a  second  ; 
Hence  the  two  values  of  Z?C  will  agree  only  to  a  corresponding 
^^actness.     If  the  system  be  composed  of  quadrilaterals  and 
the  adjustment  be  made  to  the  nearest  second,  then  the  two 
Values  of  DC  would  probably  differ  in  the  fifth  or  sixth  signifi* 
^nt  figure.     If  the  adjustment  be  made  to  the  nearest  tenth 
of  a  second,  and  a  seven-place  logarithmic  table  be  used,  then 
the  two  values  of  DC  should  begin  to  differ  in  the  sixth  or 
Seventh  place.     Of  course  the  adjusted  values  are  not  the  true 
Values  of  the  angles,  but  simply  the  most  pr&bable  values.     If 
the  angles  were  not  accurately  measured  the  adjusted  values 
may  ^tlll  be  considerably  in  error,  but  any  such  errors  would 
not   prevent   the  two  values  of  CD  from  agreeing^  since  this 
iigreement  is  one  of  the  conditions  which   the  adjustment  is 
made  to  satisfy.     The  disagreement  between  the  two  computed 
values  of  CD  comes  only  from  the  intxactHessoi  the  computed 
corrections  to  the  angles,  an  angle,  like  a  length,  being  an  in* 
commensurable  quantity,  and  hence  some  degree  of  approxi- 
mation is  necessary  in  its  expression.     If  the  true  computed 
values  of  CD  differ  by  more  than  tlic  amounts  above  signified, 


I 


;36 


suNVBriNa 


then  it  is  probable  that  an  error  has  been  made  in  the  con 
putation. 

Such  computations  as  the  above  are  best  arranged  in  tlw 
following  form : 


Sui- 

Aa justed  Artgle** 

Log.  Sifie*. 

Loff. 

OisitaiKxs 

SiikL 

A,.. 
A.. 

47    31    rg  *3 

9.5C13S166 
9.8677343 

3.8989072 

4-2578749 

7.923-32 
i8,ioS.i9 

38*xo2.77 

AD 

39    43  06  .1 
83     26   U  .3 

^.3062693 
a.  c.(.  1937302) 
9,9971441 

4.4437492 

CD 

13     30  S9  .0 
30     12   52  .4 

9,3631467 
a.c.{63&B533) 
9.7017747 

3.S989c>72 
4*2375352 

7*923 ■32 
17.279.67 

B€ 

37    5^  05  .7 
88    55   19  ,6 

9.7887098 

a.  €,(.2112902) 

9-9999329 

4-44^7433 

28,102.71 

CD 

Here  the  angles  are  written  in  such  an  order  that  when  til 

arithmetical  complement  (a.  c)  of  the  subtract ive  log.  sine  i 
taken  out,  the  three  logs,  will  be  in  convenient  relative  positwni 
for  adding.     This  will  become  evident  on  a  study  of  the  Ub 
In  computing  the  second  and  fourth  triangles  it  is  evidently  u^ 
necessary  to  write  the  log.  distances  again  in  their  proper  ho 
since  they  already  stand  conveniently  just  above.     It  will 
noted  that  in  the  above  form  the  diagonals  of  the  quadrilateD 
were  not  computed. 

When  a  series  of  triangles  in  a  chain  are  to  be  compulG 
from  a  base-line  and  the  adjusted  angles,  whether  these  forraj 
single  row.  as  in  I.,  p,  474,  or  a  double  row,  making  compW 
quadrilaterals  as  in  III.  of  the  same  page^  it  is  ctistomafvl 
compute  all  the  sides  :  and  then,  in  case  of  a  series  of  quail nlji 
erals»  the  average  length  (or  log.)  of  the  sides  common  to  K% 
♦  The  Icng^th  of  the  Glasgow  Base,  p,  522»  is  here  used. 
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adjacent  quadrilaterals  ts  used  as  a  new  base  for  the  next  one. 
Thus,  if  all  ihe  sides  in  the  above  quadrilateral  were  to  be 
computed,  and  if  the  side  CD  be  conriputed  through  the  two 
diagonals  instead  of  through  the  outer  sides,  the  computations 
would  be  arranged  as  follows: 


Sea* 
tktftt. 

AdjuAte<l  Angles. 

Log.  Sines. 

Leg. 
Dinuncn. 

DisUiica 
In  Feet. 

sye*. 

13*  20'  2g",o 

136    26  38  .g 
30    12  S2  .4 

9.3^31467 

a, c.  (.6368533) 

9.83(12579 

9.7^17747 

3.8989072 

4.37^^% 
4.2375352 

3.&989073 

4-35I^BS 
4.2578749 

7.933   32 

33,660.20 
17.279.67 

Base  ^  J? 

AC 
MC 

18    49  37    5 

n3    39  «3  ^7 
47    31   19  0 

9.961&982 
9.8677843 

7.923  3= 

23,449*  <>9 

I  &i  tad. 19 

Base  AB 

BB 
AD 

53    08  3S  -I 

37    56  05   .7 
88    55   19  ,6 

9.903163^ 

9.7887098 
9  9999329 

4,3519888 

4.2375348 
4  4467479 

22,449  09 

17.279.65 
28.ID2.69 

BD 

B€ 
CD 

5^    45  43  .3 

39    4a  06  .1 
I3    a6  II  -3 

9-9224146 
a.  c.(. 0775854) 
9.8062698 
9.9971441 

4.374ttiS4 

4.2S7S736 
4  4487479 

23,660.30 

18,108.14 
28,102.69 

AC 

AD 
CD 

In  this  form  the  logs,  of  the  angles  and  of  the  sides  opposite 
to  them  are  placed  on  the  same  line»  the  known  stde  and  its 
angle  opposite  being  always  written  on  the  first  line,  and  the 
a_  c,  of  this  log.  sine  taken  out  as  shown*  The  log.  distances  of 
another  side  of  any  triangle  is  then  the  sum  of  its  corresponding 
(Opposite)  log.  sine,  the  a-  c,  and  the  log.  distance  of  the  known 
side.  These  sums  are  readily  taken  v%'ithout  copying  off  the 
figures,  and  they  are  written  at  once  in  the  log.  distance  column. 
The  original  observed,  but  uncorrected,  mean  angles  are  com- 
monly given  in  addition  to  the  corrected  angles,  but  these  have 
been  omitted  here  as  not  essential  to  explain  the  form.  In  the 
above  computation  it  so  happens  that  the  log.  side  Cf>  is  the 
same  in  each  case*     Had  ihey  difTcrcd,  as  in  the  previous  tabu- 
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lation,  the  mean  log*  would  be  used  as  the  log,  of  this  known 
side  for  the  next  set  of  triangles. 

LATITUDE   AND  AZIMUTH, 

372,  Conditions. — In  the  methods  here  given  for  obtaining 
latitude,  azimuth,  and  time,  the  instrument  used  may  cither  k 
an  ordinary  field  transit  mounted  on  its  tripod,  or  a  more  eUbu* 
rate  altazimuth  instrument,  such  as  shown  in  Figs*  132  and  134. 
The  accuracy  sought  is  only  such  as  is  sufficient  for  topograplii* 
cal  or  geographical  purposes.  Both  the  field  methods  and  ihc 
office  reductions  are  of  the  simplest  character;  but  all  Iarg< 
errors  are  eliminated,  so  that  the  results  will  be  found  as  accu- 
rate as  it  is  possible  to  obtain  with  anything  less  than  the  regu* 
lar  field  astronomical  instruments.  This  higher  grade  of  work 
fails  within  the  sphere  of  the  astronomer  rather  than  of  the 
surveyor. 

373,  Latitude  and  Azimuth  by  Observations  on  Cir- 
cumpolar  Stars  at  Culmination  and  Elongation,— When 
latitude  and  azimuth  are  to  be  found  to  a  small  fraction  i>U 
minute,  or  as  accurately  as  can  be  read  on  the  instrument  used. 
if  this  be  an  ordinary  field  transit,  the  most  convenient  method 
is  by  means  of  observations  on  circumpolar  stars.  The  obscrva' 
tion  for  latitude  is  made  on  such  a  star  when  it  is  at  its  upper 
or  lower  culmination,  since  it  is  then  not  changing  its  alticiide, 
and  the  observation  for  azimuth  is  made  at  elongation,  since 
then  the  star  is  not  changing  its  azimuth.  At  these  time?*  a 
number  of  readings  may  be  taken  on  the  star,  thus  eliminating 
instrumental  constants  by  reversals,  since  a  half  hour  may  k 
utilized  for  this  work  without  the  star  sensibly  changing  it* 
position  so  far  as  the  use  it  is  serving  is  concerned.  Two  close 
circumpolar  stars  have  been  chosen  whose  right  ascensioi 
differ  by  about  fvv^  hours  and  thirty  minutes.  They  therefoi 
always  give  a  culmination  and  an  elongation  about  thirty  miri- 
utes  apart.    This  is  very  convenient,  since  it  allows  ol>servationi 


i 


%o  be  made  for  latitude  and  azitnuth  at  one  setting  with  a  suf- 
ficient intervening  interval  to  complete  one  set  of  observations 
before  commencing  the  nexi. 

The  two  stars  selected  are  Polaris  (it  Ursae  Minoris),  which  is 
of  the  second  magnitude,  and  51  Cephei,  which  is  of  the  fifth 
magnitude.     Their  relative  positions  are  shown  in  Fig,  143, 


Ktunu) 
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The  position  of  51  Cephei  may  be  described  with  reference 
to  the  line  joining  **  the  pointers/'  in  the  constellation  of  the 
Great  Bear,  with  Polaris.  Thus,  §1  Cephei  is  to  the  rig/if  of 
this  line,  when  looking  towards  the  pole-star  along  the  line,  at 
a  distance  of  about  three  times  the  sun  5  disk  from  the  line,  and 
of  about  ^t'^  times  the  sun  s  disk  from  Polaris,  in  the  direction 
of  the  pointers. 

In  case  51  Cephei  is  not  visible  to  the  naked  eye,  as  it  may 
not  be  on  moonlight  nights,  or  with  a  slightly  hazy  atmos- 
phere, it  may  be  found,  when  near  elongation,  by  the  tele- 
scope,  as  follows : 

Having  carefully  levelled  the  instrument,  turn  upon  Polaris, 
When  51  Cephei  is  near  its  eastern  elongation  Polaris  is  near 
its  upper  culmination,  and  when  near  its  western  elongation 
Folaris  is  near  its  lower  culmination.  To  find  51  Cephei  at 
eastern  elongation,  therefore,  after  taking  a  pointing  on  Pnla* 
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ris,  lower  the  telescope  (diminish  the  vertical  angle)  byabotil] 
one  degree  (if  the  time  is  about  twenty  minutes  before* 
tion),  and  then  turn  off  towards  the  east  about  two  and  a  blil 
degrees.     This  will  bring  the  cross  wires  approximately  gpoft 
the  star 

To  find  it  at  western  elongation,  simply  reverse  these  angles; 
that  is,  increase  the  vertical  angle  one  degree,  and  turn  off  to| 
the  west  two  and  one  half  degrees. 

The  following  table  gives  the  times  of  the  elongations  and  I 
culminations  of  these  two  stars  for  1901  for  latitude  40",  ^t^tcfel 
may  be  used  for  observing  azimuth  and  latitude.  Thetiniesj 
given  are  for  the  nights  foiioiuing  the  dates  named  in  the  Sbjj 
column. 
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TIMES    OF    ELONGATION   AND  CULMINATION,  igoi.* 
LATITUDE,  40". 


Date. 

POLAJtIS  (a 

Urs.  mnX 

51  Cuvsi. 

EIpii- 

Cul. 

Eldn, 

fuu 

ea- 

TsniP. 

micia- 

Time,        1 

<ra 

Time. 

inina- 

TnM. 

lion. 

tlOEI. 

tion. 

lioa. 

oN^.i** 

Ju.    1 

W 

ia4j4«lA.M. 

U 

6^39* 

*a  TM. 

W 

5*59^-9  *>i"' 

U 

Feb,    t 

ti 

10  31    .4  P.W* 

L 

4  35 

.5  A.M. 

II 

3  57   .9    '' 

14        ' 

w   1  -|»* 

M«r.   1 

'* 

B  4t    ^^    " 

ft 

3  45 

,9  '* 

n 

a     7   -«    ** 

i. 

t  il  .1  ' 

April  J 

li 

*^m  -8  " 

*i 

ij  43 

■9    " 

It 

I.     9    ,«    " 

H 

•Ati  «  " 

May    1 

E 

%   48     .»  A-M. 

11 

10  0 

,1  r.«^ 

II 

to     7   .s  ^M, 

L 

4i5i*'* 

June    1 

*^ 

'  ^6   .7    " 

'♦ 

8<3 

,6    ** 

tl 

•S     s   -5    '• 

u 

.14  -* 

July    - 

.  ** 

>*  49    -a    ** 

41 

*fi4<5 

,1    ** 

E 

H  34  **  >.M. 

*• 

ti  i|  1  • 

Atijf ,   1 

'♦ 

10  47    -a  **»«' 

u 

4  -M 

-7  A-«* 

*i 

1  ^  .4  ** 

h 

te  14  .t  »J^    I 

^« 

%  46   .4    ** 

i^ 

a  41 

*l    '' 

«i 

■  »©  *8    ** 

*. 

luj- 

Oti,    1 

H 

•6  4*    .7    " 

K 

l»4i 

.6    ** 

li 

I*  *3  ,1     "     1 

41 

HHf'J 

Kov.    1 

W 

4  3«    .7  A.M. 

H 

10  41 

.9  r,*i. 

»^ 

ID  at    .5  r,H. 

u 

i  u  .t  -m 

Dec.    t 

ii 

a  3f    .6    " 

** 

S43 

.6    " 

U 

i  n  ,y  " 

l» 

.,14-^ 

*  Prol^ably  not  visible  La  tbc  naked  ey«.  ' 

From  the  above  table  it  is  evident  that  both  an  elongatior 

and  a  culmination  of  one  of  these  stars  can  alu^ays  be  obtained 
F(?r  other  days  than  those  given  in  the  table,  either  int 


^  For  a  table  of  computed  azimuths  of  Polaris  when  aC  eloftgfttioQ  i 
and  for  latitudes  between  %%*  and  50*1  see  pafe  33, 
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3late,  or  find  by  allowing  3".94  for  one  day,  remembering 
lat  each  succeeding  day  the  elongation  occurs  earlier  by  this 
Tiount. 

For  other  years  than  1901,  take  from  the  table  the  time  cor- 
sponding  to  the  given  month  and  day,  and  add  for  Polaris 
'^  and  for  51  Cephei  d".5  for  each  year  after  1901;  also, 

Add         I"  if  the  year  is  the  second  after  leap-year. 
Add         2™  if  the  year  is  the  third  after  leap-year. 
Add         3"  if  the  year  is  leap-year  before  March  i. 
Subtract  i™  if  the  year  is  leap-year  after  March  i. 

For  the  first  year  after  leap-year  there  is  no  correction  ex- 
jpt  the  periodic  ones  of  0'".4  and  0".$  per  annum. 

For  other  latitudes  between  30°  and  50°  north  latitude  cor- 
net the  times  of  elongation  as  follows: 

For  each  deg^ree  south  of  40°, 
Add  to  the  western  or  subtract  ] 
from  the  eastern  time  of  ! 


elongation 


(  o'".i4  for  Polaris. 
I  o™.29  for  51  Cephei. 


For  each  degree  north  of  40°, 
Subtract  from  the  western  or  add  ] 
to  the  eastern  time  of  { 


elongation 


(  o°.i8  for  Polaris. 
[  o".  39  for  51  Cephei. 


The  following  table  gives  the  pole  distances  of  Polaris  for 
fan.  I  of  each  third  year  from  igcx)  to  1930: 


POLE 

DISTANCE 

(90-  - 

DECLINATION)   OF   POLARIS 

1900. 

1903. 

1906. 

1000. 

lOlS. 

1916. 

1918. 

1991. 

19S4. 

1927. 

1930. 

i*>3'.5 

i«»ia'.6 

i»ii'.7 

I'lo'.S 

i»9'.8 

i^S'.p 

i^S'.o 

,«7'.o 

x»6'.x 

iV.a 

xV-3 

Interpolate  in  the  above  table  for  the  first  of  January  of 
itermediate  years.  For  other  months  than  January  of  every 
5ar,  add  to  the  pole-distances  found  for  January  the  following 
>rrections:  Feb.  o'.i;  Mar.  o'.2;  Apr.  0^.3;  May  0'.$;  June 
.6;  July  o'./;  Aug.  o'.6;  Sept.  0'.$;  Oct.  0^.3;  Nov.  o'.2: 
>ec.  o'.i. 
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To  observe  for  latitude  no  knowledge  of  the  geogmphi 

position  is  needed. 

374.  The  Observation  for  Latitude  consists  simply 
observing  the  altitude  of  a  circiimpoiar  star  at  upper  orlof 
culmination  and  correcting  this  altitude  for  the  pole  dist. 
of  the  star  and  for  refraction. 


Let 


0  —  latitude : 
d—  polar  distance; 
r  =  refraction; 
h  =  altitude ; 


then 


0  =  A  qi  ^  —  r ; 


the  minus  sign  being  used  for  upper,  and  the  plus  sign 
lower,  cutmination  observations.     The  value  of  r  is  taken  frt 
the  following  tabic  of  mean  refractions  computed  for  barom^ 
30  inches,  and  temperature  $0''  K 


TABLE  OF  MEAN  REFRACTIONS- 


AJUtude. 

RefractioD, 

Altitude. 

RefractiOQ. 

10" 

5  t9'^ 

20' 

l'3g" 

n 

4  51 

as 

2   04 

J2 

4  28 

30 

1    41           1 

13 

4  07 

35 

I    23 

u 

3  SO 

40 

1  og 

15 

3  34 

45 

058 

16 

3  20 

50 

0  4ftf 

3  08 

60 

0  34 

18 

2  58 

70 

Q  HI 

19 

348 

So 

Q  10 

The  index  error  of  the  vertical  circle  is  eftmmated  by  read- 
ng  with  the  telescope  direct  and  reversed,  providing  the  verti- 
^1  circle  is  complete*  If  the  vertical  limb  is  but  an  arc  of  tSo*' 
jrless,  the  index  error  cannot  be  eliminated  In  this  way.  In 
his  case  the  second  method  is  recommended, 

375.  First  Method*— Mount  the  instrument  firmly,  prc- 
erably  on  a  post,  and  adjust  carefully  the  plate-bubbles, 
especially  the  one  parallel  to  the  plane  of  the  vertical  circle. 
\bout  five  or  ten  minutes  before  the  star  comes  to  its  culmi- 
lation  read  the  altitude  of  the  star  with  telescope  direct 
levolve  the  telescope  on  its  horizontal  axis  and  also  on  its 
^rtical  axis,  reli^n^l  the  instrument  if  the  bubble*sare  not  in  the 
liddle,  but  do  not  readjust  the  bubbles,  and  bring  the  tele- 
'ope  upon  the  star.  Make  two  readings  in  this  position* 
^evolve  the  telescope  and  instrument  again  about  their  axes, 
leveli  and  read  again  in  first  position.  This  gives  two  direct 
id  two  reversed  readings  taken  in  such  a  way  as  to  eliminate 
e  error  from  collimation,  the  index  error  of  vertical  circle, 
id  also  the  error  of  adjustment  of  the  plate-bubbles.  The 
Suit,  when  corrected  for  refraction  and  the  pole  distance  of 
ie  star,  should  be  the  latitude  of  the  place  within  the  limits 

accuracy  and  exactness  of  the  vertical  circle*readings, 

376,  Second  Method. — An  '*  artificial  horizon,'*  formed  by 
e  free  surface  of  mercury  in  an  open  vessel »  may  be  used  in 
injunction  either  with  the  transit  or  a  sextant*    If  the  former 

used  two  pointings  are  made— one  to  the  star  and  the  other 
its  image  in  the  mercury  surface.  The  angle  measured  is 
^n  twice  the  apparent  altitude  of  the  star.  The  position  of 
vessel  of  mercury  will  be  on  a  line  as  much  below  the 
>rizontal  as  the  star  is  above  it.  The  instrument  is  first  set 
>  and  then  the  artificial  horizon  put  in  place.  The  surface 
the  mercury  must  be  free  from  dust.  If  the  mercury  is  not 
ean  it  may  be  strained  through  a  chamois-skin  or  skimmed 
r  a  piece  of   cardboard.      Any  open  vessel   three  or  more 
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Inches  m  diameter  may  be  used  for  holding  the  mercur}'.  U 
should  be  placed  on  a  solid  support  and  protected  from  tjt«^ 
wind. 

The  observations  with  a  transit  woufd  then  consist  in  t*^/ 
a  reading  on  the  star  just  before  culmination,  two  rcadin^^  u-i. 
tiie  image,  and  then  one  on  the  star  The  index  error  of  tliJ 
vernier  on  the  vertical  circle  wilt  then  be  elinninated^incc  botd 
plus  and  minus  angles  have  been  read,  and  their  sum  taken  fdfl 
twice  the  altitude  of  the  star.  This  method  is  adapttd  taJ 
transits  with  incomplete  vertical  limbs.  I 

The  Sextant  may  also  be  used  with  the  artificial  homoiil 
and  will  give  more  accurate  results  than  can  be  obtained  *itiJ 
the  ordinary  field  transits*  The  double  altitude  angle  is  tb« 
measured  at  once  by  bringing  the  direct  and  reflected  ima^J 
of  the  star  into  coincidence*  In  both  cases  the  observed  an^M 
is  2i&,  and  the  latitude  is  found  from  equation  (i),  as  bcfortfl 
If  there  is  much  wind  the  mercury  basin  may  be  partialiyi 
covered,  leaving  only  a  narrow^  slit  in  the  vertical  plane  throuOT 
instrument  and  star,  or  the  regular  covered  mercurial  horiioia 
may  be  used.  This  is  covered  by  two  pieces  of  plate-gla^|l 
at  right  angles  to  each  other  like  the  roof  of  a  house*  IWB 
opposite  faces  of  these  glasses  are  not  parallel  planes,  an  etiw 
is  introduced*  This  is  eliminated  by  reversing  the  horiifH 
apparatus  on  half  the  observations.  It  is  best,  howeverrttl 
avoid  the  use  of  glass  covers,  if  possible,  I 

If  tin- foil  be  added  to  the  mercury  an  amalgam  is  formeil 
whose  surface  remains  a  perfect  mirror,  which  is  not  readilfl 
disturbed  by  wind*  As  much  tin-foil  should  be  used  Z5X^M 
mercury  will  unite  with*  Observations  may  then  beinideiv 
windy  weather  without  the  aid  of  a  glass  cover*  1 

377.  Correction  for  Observations  not  on  the  Meridiafl^l 
— If  the  star  is  more  than  five  or  ten  minutes  of  time  from  tM 
meridian,  it  is  necessary  to  apply  a  correction  to  the  obsenwl 
altitude  to  give  the  altitude  at  culmination.     The  follo»ii« 


GEODETIC  SVRX  '£  Y/NG. 


56s 


'oximate  rule  gives  these  corrections  for  the  two  circum- 

r  stars  here  used,  with  an  error  of  less  than  i''  of  arc  when 

observation  is  taken   not   more  than  !8  minutes  of  time 

I  the  star  s  meridian  passage,  and  the  error  is  less  than  lo'' 

re  when  the  observation  is  made  32  minutes  of  time  from 

meridian. 

^ule/or  reducing  circummeridian  aitiiudes  to  ike  aiiitude  at 

\i nation. 

*or  Polaris:  Multiply  the  square  of  the  time  from  meridian 

age,  in  minutes,  by  0.0444,  '^^^  the  product  is  the  correc- 

in  seconds  of  arc* 

w  51  Cephd:  Multiply  the  square  of  time  from  meridian 

age,  in  minutes,  by  0*1017,  ^^'^  ^^^^  product  is  the  correc- 

in  seconds  of  arc. 

fhe  correction  is  to  be  added  to  the  observed  altitude  for 

*r  culmination,  and  subtracted  for  lower  culmination. 

jy  using  these  corrections  an  observation  for  latitude  may 

lade  at  any  time  for  a  period  of  about  one  hour,  near  the 

\  of  culmination. 

[78.  The  Obsenration  for  Azimuth  is  made  on  one  of 

two  stars  here  chosen  when  it  is  at  or  near  its  eastern  or 

^cm  elongation,  for  the  same  reason  that  latitude  observa- 

5  are  taken  at  culmination.      The  azimuth   of  a  star  at 

igation  is  found  from  the  formula. 


sine  of  azimuth  = 


sine  of  polar  distance 
cosine  of  latitude 


(0 


s  formula  is  so  simple  that  it  is  hardly  necessary  to  give  a 
e  of  values  of  azimuths  for  various  latitudes.  Such  a  table 
iven  for  Polaris,  however^  on  p.  53.  The  pole  distances 
pven  on  p.  561,  and  the  latitude  is  found  by  observation, 
not  necessary  to  know  the  azimuth  of  the  star  at  donga- 
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tion  before  making  the  observations*     This  can  be  compute 
afterwards  from  the  observed  latitude* 

The  observation  for  azimuth  consists  simply  in  measuntif^ 
the  horizontal  angle  between  tJie  star  and  some  convententiv 
located  station^  marked  by  an  artificial  light.     The  operation^ 
is  in  no  sense  different  from  the  measurement  of  the  homontil 
angle  between  two  stations  at  different  elevations.     The  gfci 
source  of  error  is  in  the  horizontal  axis  of  the  telescope. 
this  is  not  truly  horizontal  then  the  line  of  sight  does  notd^ 
scribe  a  vertical  plane,  and  since  the  two  objects  observed  hm 
very  different  elevations,  the  angle  measured  will  not  bcti 
subtended  by  vertical  planes  passing  through  the  objects  i 
the  axis  of  the  instrument.     To  eliminate  this  error  the  td^ 
scope  is  reversed,  and  readings  taken  in  both  positions.    Tb* 
following  programme  is  recommended: 


PROGRAMME  FOR  OBSERVING  FOR  AZIMUTH  ON  A  CIRCUM- 
POLAR  STAR  AT  ELONGATION. 


iDstmmcat* 

Time  of  Obserraticm. 

Reading  «e 

Direct,.. 

lo  min.  before  elongation, ,,».,,., 

Mark,               1 

Reversed * . 

Direct .....••*** 

7             '  *                  "          ......... 

r*   J 

ii            **                 **         ^.>.>.>-.i 

Star.          fl 

2                "                       " 

.r    ■ 

^  tntn.  aflcr            *'         >...>..«# 

1 

li 

4            **                 "         ....*...• 

1 

ft 

7            "                 "         

Mi^        fl 

Reversed - . 

lO                "                       "            ,,*.,,--. 

1 

^ 

The  instrument  should  not  be  relevelled  nor  the  biibbi''M 
adjusted  after  the  observations  have  begun.     If  the  instru 
should  be  disturbed  of  course  the  series  is  spoiled.    I  f  the  cl- 
of  level  is  gradual,  it  and  all  other  errors  will  be  eliminated  c?(C< 
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graduation.     Of  course  both  verniers  are  to  be  read 

:ng  found  the  latitude,  the  azimuth  of  the  star  at  elon- 
found  from  equation  (r)  above*  This  is  then  added 
stracted  from  the  horizontal  angle  between  mark  and 
he  case  may  be,  to  give  the  azimuth  of  the  mark  from 
h  point*  If  the  azimuth  is  to  be  referred  to  the  south 
hich  it  generally  is,  we  must  add  or  subtract  180°, 
Corrections  for  Observations  near  Elongation.— 
le  case  of  observations  for  latitude,  we  may  have  an 
Hate  rule  for  reducing  an  observed  azimuth  when  near 
cm  to  what  it  would  have  been  if  taken  at  elongation. 
Its  of  accuracy  are  also  about  the  same,  but  the  factors 
\X\y  different. 

far  reducing  a:^imutk  observatimts  oh  Fcr/an's  and  5 1 
tear  eiangatwn  to  tfieir  true  values  at  elongaiwn^  f&r 
40^ 

folarisy  multiply  the  square  of  the  time  from  elonga- 
ninutes  by  0.058,  and  the  product  will  be  the  correction 
ds  of  arc, 

^i  Cephei,  multiply  the  square  of  the  time  from  elonga- 
ninutes  by  o,r24,  and  the  product  will  be  the  correction 
ds  of  arc. 

Siula  for  reduction^  when  near  elongation,  is 
c=  112.%  f  sin  l"  tan  A, 
^  vorrection  to  observed  azimuth  in  seconds  of  arc; 
^  time  from  elongation  in  seconds  of  time; 
5=  azimuih  of  star  at  elongation. 


Mhi 


log  112.5  sin  r  =  6.7307274- 


this  formula  and  that  of  equation  ( i)  we  may  compute 
Scienls  for  the  above  approximate  rules  for  any  latitude. 

Uercury  surface  be  used  and  alternate  reading»  be  taken  on  the  star  and 
ge.  all  errors  from  Inclined  horiirmlal  axia  j^reeliminalcd,  and  exircmdj 
)Di(^  can  be  done  with  an  yrdinary  irausit. 


I 
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Thus,    for  latitude  id^  we  have  azimuth   of  Polaris,  iS8s»  I 
30'*4,  whence  the  coefficient  of   reduction  for  elongation  rf 
Polaris  in  latitude  30^  is  found  to  be  0.052,  and  for  latitude  50" 
it  is  0.069. 

For  51  Cephei,  this  coefficient  for  latitude  30"*  is  o.no,  and 
for  latitude  50^,  O.T48. 

From  the  above  data  the  corrections  for  an  observation  ot 
a  circumpolar  star  near  elongation  may  be  computed. 

If  azimuth  be  reckoned  from  the  south  point,  as  is  comtnw 
in  topographical  and  other  geodetic  work,  and  if  it  increase  in 
the  direction  S.W.N. E„  then  a  star  at  western  elongation  bs 
an  azimuth  of  less  than  180°;  and  at  eastern  elangation  iU 
azimuth  i^  more  than  tSo*^- 

The  corrections  to  reduce  to  elongation,  as  above  coflj- 
puted,  should  be  added  to  the  computed  azimuth  of  the  star  HI 
western  elongation,  and  subtracted  when  at  eastern  clongalioti 

38O-  The  Target* — This  may  be  a  sort  of  box,  in  whidii 
light  may  be  placed.  A  narrow  vertical  slit  should  be  cut  sub- 
tending an  angle*  at  the  instrument,  from  one  to  two  seconds  of 
arc.  This  should  be  set  as  far  from  the  instrument  as  convo^ 
ient,  as  from  a  quarter  of  a  mile  to  one  mile.  The  wiiitlHif 
slit  desired  may  be  computed  for  an)-  given  angular  widli 
and  distance  by  remembering  that  the  arc  of  one  second  » 
three-tenths  of  an  inch  for  a  mile  radius.  The  target  ^ht^M 
be  sufficiently  distant  to  enable  it  to  be  seen  with  the  slfM 
focus  without  appreciable  parallax,  as  the  instrument  shoai 
not  be  refocused  on  the  target.  This  target  may  be  set  tm 
any  convenient  azimuth  from  the  observation-station,  as  upon 
one  triangulation  station  when  the  obser\^ations  are  taken  It 
another,  thus  obtaining  directly  the  azimuth  of  this  lirrc. 

381,  Illumination  of  Cross-wires.— Various  methods  a« 
used  to  illuminate  the  wires,  the  crudest  of  which  is,  perha] 
hold  a  buirs-eye  lantern  so  as  to  throw  light  down  t 
scoped ube  through  the  objective,  taking  care  not  to  obstnicS 
the  line  of  sight 
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A  very  good  reflector  may  be  made  from  a  piece  of  new 
tin,  cut  and  bent  as  in  Fig*  144,  The  straight 
strip  is  bent  about  the  object  end  of  the  tele- 
scope tube,  leaving  the  annular  elliptic  piece 
projecting  over  in  front.  This  is  then  bent  to 
any  desired  angle,  preferably  about  forty-five 
degrees,  and  turned  so  that  an  attendant  can 
reflect  light  down  the  tube  by  illuminating  the  disk  from 
a  convenient  position.  This  position  should  be  so  chosen 
that  the  lantern  may  throw  the  light  fram  the  observer, 
lEther  than  towards  him.  If  the  reflecting  side  of  the  disk  be 
whitened,  the  effect  is  very  good.  The  opening  should  be  about 
three-fourths  or  seven-eighths  inch  in  its  shorter  diameter,  the 
longer  diameter  being  such  as  to  make  its  vertical  projection 
equal  to  the  shorter  one*  There  is,  of  course,  no  necessity  of 
limiting  or  of  making  true  the  outer  edges  of  the  disk, 

381a.  Azimuth  and  Latitude  from  Polaris  at  any  Hour** 
^This  method  consists  in  the  use  of  a  fevir  simple  tables  by 
which  the  azimuth  of  Polaris  and  its  altitude  above  or  below 
the  pole  are  found  in  terms  of  the  hour-angle  of  the  star. 
The  horizontal  circle  can  be  clamped  at  the  computed  aa^imuth 
for  any  chosen  time  of  observation,  and  when  the  star  is  on  the 
crossr-wires  at  this  instant,  the  horizontal  circle  is  oriented, 
and  the  vertical-circle  reading  has  but  to  be  corrected  by  a 
single  addition  or  subtraction  to  gvx^  the  true  latitude*  It  is 
first  necessary  to  find  the  hour-angle  of  the  star. 

The  epochs  when  the  star  and  the  mean  sun  are  on  the 
meridian  together  are  given  in  Table  L,  p.  $6gay  for  each  year 
from  1900  to  1930.  Assuming  that  the  observer  s  watch  is  set 
for  local  mean  solar  (or  clock)  time,  instead  of  standard  (hourly 
meridian)  time,  then  the  watch  shows  on  its  face,  any  time  be- 
fore midnight,  the  hourangle  of  the  mean  sun,  (From  mid. 
night  to  noon  the  hour-angle  is  12  more  than  the  clock-hour.) 
But  the  star  comes  to  the  meridian  4  min.  earlier  than  the  sun 


*  Method  used  by  Praf.  G,  C.  ComMock,  Univ*  of  Wis. 
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Table  I.— Epochs. 

(When  iuri  Add  poUrk  come  to  the  merjdiaa  t^^eiticr.^ 


Year. 

Epocli,  , 

Year. 

Epoch, 

Year. 

EfXKb, 

Year, 

Bp«t 

i^tia 

tflai 

»904   

;?3;..:::: 

ApriL 
U.J 
"J  3       1 

IJ.O 

1909  -.,... 

tflQ    ..     ... 

"9"! 

I9IV 

19*4 

t9ij 

AprJL 

14.0 
<3*4 

14  I 

*** 

i9'7 

igrB 

1^1^. 

IV»     .    ..* 

'9« ■■■ 

<9aj ■ 

April. 
t4.K 
r4.| 

M'i 

H« 
15.1 
t4S 

nmiii 

tj-t 

Tabl*:  ll.—Fi  FOR  Year  and 
Latititde. 


Table  IV.— Ho l'r- angle  Coii«&| 

TIONS, 


UL 

i<»oo 

1910 

19^0 

<9J» 

Q.Bl» 

1. 19 

07a 

0.85 

1. 14 

0,75 

0.71 
1.04 

Ai.  =  i8o'  +  /=",** 


Table  III.— i?i  for  Year, 


Year. 

igoa 

1910 

*9«* 

1930 

^1 

I.M 

o.9« 

P.^a 

0,87 

t  =  local  meaii  ijmc-f  4"<^atc  - 

qx>dhX>-# 

t 

a  =  az,  cor. 

*  t  lat,  c&r. 

t 

Houra^ 

Hoia 

0 

- 

^m'* 

1 

I 

^ 

-7»   - 

»i 

3 

3 

" 

*  Si    - 

■1 

4 

'  1 

^  37    - 

m 

5 
6 

* 

I-IJ 

^ 

a 

7 

_ 

::5S: 

: 

a 

9 

-«jjs. 

- 

::n 

^ 

IS 

1U 

-««■ 

- 

- 

ti 

11 
11 

:'i-il 

.-j:3 

- 

Lat.  =  Altitude  ■\-  F^h. 


The  ligni  on  ihe  left  go  with  ihe  kfi- 
argument,  and  those  on  the  riifbt  willi  tErtp 
hand  arn^ument.     Refraction  is  ificJoded. 


I 


each  day  (really  3.94  oiin,),  hence  the  hour-angle  of  the  star; 
any  time  is  that  of  the  sua  plus,  hi  minutes,  four  times  tl 
number  of  intervening  days,  after  the  epochs  given  in  TabkL 
(More  nearly  it  is  one  seventieth  of  this  product  less.)    \\ 
these  tables  the  day  begins  at  noon  of  the  given  date.    Ih 
in  Table  L,  the  epoch  April   12,2  is  April  12,  4:48  P.M.,  whil 
April  12.9  is  really  April  13,  9:36  a.m.     If  an  observation  btl 
be  made  at  9  P.M.  of  June  u,  1901,  the  number  of  tntcrvcnit^ 
days  after  April  12.5  is  (to  the  nearest  tenth)  59.9,     This  nun 
ber  times  4  min.  (less  -^^  of  itself)  is  256  minutes  ^  3  hi.  jl 
min*    This  added  to  the  local  time  gives  12  hr.  56  min. 

For  Ammnth  enter  Table  IV,  with  this  argument  and  fin 
a  =  -t-  23',     But  Az.  =  180"  4-  /->.     If  the  latitude  be  43'j 
then  from  Table  IL  we  have  for  43^  unti  1901,  F,  =  1.05.  hcnc 


^^a  —  24',  and  A  =  180*^  24',  That  is,  Polaris  was  then  24' 
ast  of  north.  If  the  horizontal  circle  be  clamped  with  vernier 
f  reading  180°  24'  (the  circle  being  graduated  in  the  direction 
i.,  \V,,  N.|  E*),  then  when  the  star  is  on  the  cross-wire  s  at 
iJP.M,,  local  time  June  11,  1901,  in  latitude  43"*,  the  instrument 
I  oriented,  or  a  zero  reading  gives  a  south  pointing. 

The  iatitude  may  be  found  by  adding  F^b  to  the  ahilude,  as 
cad  on  the  vertical  circle.  This  would  be  for  this  case  i^  10' 
reater  than  the  altitude  of  the  star. 

It  will  be  noticed  that  the  time  chosen  was  most  unfavor- 
ble  for  the  azimuth  observation,  since  this  was  then  changing 
%'  to  the  hour,  while  it  was  most  favorable  for  the  latitude 
hservation,  as  this  was  only  changing  2'  to  the  hour.  The 
lost  favorable  time  for  each  result  is  evidently  when  its  cor- 

ction,  in  Table  IV.,  is  varj^mg  most  siowly.    Even  when  vary- 

g  most  rapidly  these  results  are  obtained  by  this  method  with 
ri  accuracy  of  about  one  minute  of  arc, 

381b.  Azimuth  from  Polaris  at  any  Houn^In  the 
Manual  of  Instructions/'  issued  by  the  Commissioner  of  the 
cneral  Land  Office  in  igoi,  there  appeared  a  new  set  of  tables 

^signed  to  enable  observations  for  azimuth  to  the  nearest 
linute  to  be  made  at  any  hour  by  an  observation  on  Polaris, 
'liese  tables  are  condensed  into  Table  XII, 

By  the  use  of  this  table  an  observation  for  azimuth,  of  suf* 
cient  accuracy  for  ordinary  purposes,  can  be  made  at  any  time 
lien  Polaris  is  visible. 

Considering  the  two  pages  as  composing  one  table,  the  two 

iddle  columns  give  the  time  of  upper  culmination  of  Polaris 
£>r  any  day  of  the  year  igoi.  For  other  years  add  o^.j  for 
&.ch  year  after  looi  ;  also,  add  1""  if  the  year  is  the  second 

ter  leap-year ;  add  2®  if  the  year  is  the  third  after  leap-year  : 

Id  3^  if  the  year  is  leap-year  before  March  i  ;  subtract  l"**  li 

le  year  is  leap-year  after  March  1. 
For  the  first  year  after  leap  year  there  is  no  correction  ex- 

tpt  the  periodic  one  of  O-j""  per  annum.  i 
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The  table  is  arranged  for  giving  the  azimuth  of  Polaris  j 
any  point  in  its  path^  the  argument  being  the  time  which  I 
elapsed  since  its  last  upper  culmination.     The  upper  culmini 
tion  sought  is  therefore  the  last  one  preceding  the  timcchosi 
for  the  observation- 
Suppose  this  time  to  be  August  g,  1903,  at  9  P.M.    B>^rcf«( 
ring  to  the  two  central  columns  of  the  table*  we  see  ata{ 
that  in  August  Polaris  culminates  some  fifteen  or  sixteen  hom 
after  mean  noon,  or  at  about  3  or  4  o*clock  the  next  momisi 
The  culmination  sought,  therefore,  is  the  one  following  me 
noon  on  the  8th.     We  therefore  wish  to  find  the  lime  of 
mination  of  Polaris  after  mean  noon  on  August  8,  1895. 

We  have,  from  the  table,  the  time  of  the  star's  upper 
mination  ; 

For  August  1,  1901 - , .  * 16**  42*  7 

Tab.  dif*  for  7  days  .-.*-.,-.,.,,..»-       —  27.5 

For  August  8,  1901 -  .•*.      iG^  15"J! 

Correction  to  1 903 .,*•.,-•       +    2,6 

Time  up,  culm.  August  8,  1903 16**  ly'^.S 

after  noon,  which  is  4  o'clock  and  I7™,8  A,M,  of  August  9. 

The  time  chosen  for  the  observation  is  g  P.M-,  or  iff  4^**^ 
after  the  star  s  last  upper  culmination.  This  is  called  th 
hour  angle  of  the  star.  Evidently  it  has  passed  its  lo^-c 
Gulminationj  and  is  now  moving  upward  on  the  eastern  halfs 
its  orbit.  Since  its  position  in  its  orbit  with  reference  tatln 
meridian  is  the  significant  thing,  we  can  find  this  by  subtrad 
ing  i&  42"', z  from  its  period  of  revolution,  which  is  a  side 
dar>'-,  or  23''  56"',  Making  this  subtraction,  we  find  the  sUflj 
position  to  be  f'  I3"',S  from  its  upper  culmination,  on  thc< 
Side.  Entering  the  table  with  the  argument  7^  13^8  fori 
year  1903,  and  for  latitude  40"^,  we  find  we  must  inter 
between  1°  28'  and  1°  34^1  which  gives  us  the  azimutli 
which  is  the  true  azimuth  of  Polaris  at  the  time  of  obser\'3tk 

Furthermore,  the  table  shows  us  that  to  change  thei 
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uth  at  this  time  by  i'  requires  a  lapse  of  time  of  from  seven 

eight  minutes* 

When  near  the  culminating  points  the  star  moves  much 
Iter  in  azimuth,  and  it  here  requires  but  2'^'*'  to  produce  a 
atige  of  azimuth  of  1'.  It  is  evident,  therefore,  that  if  the 
tal  time  is  known  to  within  one  or  two  minutes^  the  method 
ll  always  give  the  azimuth  to  the  nearest  minute  of  arc. 

It  must  be  remembered,  also,  that  it  is  the  iaca I  I'lm^  which 
1st  be  used  as  the  time  of  the  observation,  and  not  the 
rtandard  **  time,  now  universally  used  in  America, 

By  the  peculiar  and  ingenious  arrangement  of  this  table,* 

the  data  necessary  to  make  an  observation  for  azimuth  at 
y  hour  of  any  day  or  j'ear,  until  1912,  are  presented  on  two 
ijosite  pages.  Never  before  has  this  matter  been  so  sim- 
ified.  It  is  usually  very  inconvenient  to  await  the  time  of 
>ngation  of  Polaris,  and  at  times  both  the  elongations  occur 
I.  the  daylight  hours.  By  means  of  this  table,  and  where 
\  accuracy  of  one  minute  of  arc  is  sufficient,  the  observation 
m  be  taken  at  pleasure,  simply  noting  the  time,  and  the  azi* 
uth  of  the  star  may  be  taken  out  later  for  that  particular  time. 

^t  TIME   AND   LONGITUDE, 


382,  Fundamental  Reiationa  — In  all  astronomical  compu- 

ttions  the  observer  is  supposed  to  be  situated  at  the  centre 
f  the  celestial  sphere  and  the  stars  appear  projected  upon  its 
Irface,  Their  positions  with  respect  to  the  observer  may  be 
|Eed  by  two  angular  coordinates.  The  most  common  plane  of 
ference  for  these  coordinates  is  that  of  the  celestial  equator, 
id  the  coordinates  referring  to  it  are  known  as  Right  Ascen- 
>n  and  Declination — ^corresponding  to  Longitude  and  Lali- 
de  on  the  earth's  surface* 
Right  ascension  is  counted  on  the  equator  from  w^est  tow- 

**  Prepared  originally  by  Mr.  J.  B.  Shinn,  of  the  United  States  Central  Land 
6^^  Wastiitigtoii^  D*  C. 
35 
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"ards  east.     As  a  zero  of  right  ascensioti  the  vernal 
is  taken* 

DcclinaLinn  is  counted  on  a  great  circle  perpendicuUr  t4 
the  equator,  and  is  called  positive  when  the  star  is  m^fth  aw 
negative  when  south. 

In  Fig.  145 

P  is  the  pole  ; 

Zis  the  zenith  of  the  observer; 

S  is  the  star  ; 


Then 


R.  A.  star  -  VPS  —  arc  FE ; 
Dec*  star    =    S£, 


These  coordinates  are  fixed,  varying  only  by  slow  clian 
due  to  the  shifting  of  the  reference-plane* 

Another  system  of  coordinates  is  often  used  in  fixing  ti^ 
place  of  a  star,  namely:  Hour-angle  and  Declination*  Hcmi 
angle  is  the  angle  at  the  pole  bctvi^een  the  meridian  and  tij 
great  circle  passing  through  the  star  and  the  pole  perpendk 


Fjg.  145. 


lar  to  the  equator*     Hour-angle  will  of  course  be  constaffl 
changing  each  instant.     In  Fig*  145  hour-angle  =  ZPS, 

383.  Time. — The  motion  of  the  earth  on  its  axis  is  pcrfa 
ly  uniform*     We  obtain,  therefore,  a  uniform  measure  of  I 
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nploying  the  successive  transits  of  a  point  in  the  equator 
s  the  meridian  of  any  place.  The  point  naturally  chosen 
;  vernal  equinox. 

Sidereal  Day  is  the  interval  of  time  between  two  succes- 
jpper  transits  of  the  vernal  equinox  over  the  same  merid- 

he  Sidereal  Time  at  any  instant  is  the  hourangle  of  the 
it  equinox  at  that  instant  reckoned  from  the  meridian 
Arard  fromo''  to  24*'*  Thus,  when  the  vernal  equinox  is  on 
neridian,  the  hour-angle  is  o^'  o^'  o*  and  the  sidereal  time 
o'"  o\  When  the  vernal  equinox  is  i^'  west  of  the  merid- 
le  sidereal  time  is  l^'  o'"o*. 
/e  have  in  Fig,  145 

Hour-angle  of  ver.  eq.  =  ZPV  ^  H  ^  sidereal  time  \ 
Right  aac.  of  star  =  VPS  ^  a\ 

Hour-angle  of  star        =  ZPS  —  Hi 


nee 


e  ^ 


H, 


(0 


'rom  this  equation,  knowing  the  sidereal  time  and  the 
..  of  the  star,  the  hour-angle  may  always  be  computed. 
Vhen  i/  =  o,  i.e.,  when  the  star  is  on  the  meridian,  ^  =  or,  or, 
her  words,  the  R,  A.  of  any  star  is  equal  to  the  true  local 
eal  time  when  the  star  is  on  the  meridian.  By  noting  the 
t  time  of  transit  of  any  star  whose  R.  A.  is  known,  the 
sidereal  time  will  be  at  once  known, 

\n  Apparent  Solar  Day  is  the  interval  of  time  between  two 
?ssive    upper  transits  of  the  true   sun  across  the  same 
dian, 
\ppareHt  orTrue  Solar  Ti?H€\s  the  hour-angle  of  the  true 

>wing  to  the  annual   revolution   of  the  earth,  the  sun's 
ascension  is  constantly  increasing.     It  follows,  therefore^ 


.  in  a  tJ 

i  of  any^ 


f  other  words, 
the  meridian 

The  solar  days  wi 

1st.  The  sun  in  ii 

not  move  in  the  equa 

2d.  Its  motion  id 

On  account  of  th^ 

be  used  as  a  conveni 

day  has  been  introdu 

solar  days  of  the  yq 

time.  1 

Supp6se  a  fictjtiom 

true  sun,  to  move  unil 

gee  at  the  same  mon 

second  fictitious  sun  n 

to  make  the  circuit  of « 

fitst  fictitious  sun  maicj 

titious  suns  starting  to; 

turning  to  it  at  thesam 

will  move   uniformly  ir 

nniform  measure  of  tim 

^^  the  Mean  Sun.  , 

A  Mmn  S^/^^  n^A 
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'Washington  mean  and  apparent  noon  of  each  day.  If  the 
le  IS  required  for  any  other  time  it  can  be  interpolated  be- 
^en  the  values  there  given. 

384.  To  convert  a  Sidereal  into  a  Mean-time  Interval, 
I  vice  versa. — According  to  Bessel,  the  tropical  year  con- 
is  365.24222  mean  solar  days,  and  since  the  number  of  side- 
I  days  will  be  greater  by  one  than  the  number  of  mean  solar 
^s,  we  have 

365.24222  mean  sol.  days  =  366.24222  sid.  days ; 
I  mean  sol.  day  =  1.0027379 1  sid.  days. 

Let  /^  =  mean  solar  interval ; 

I^  =  sidereal  interval ; 
^=  1. 0027379 1. 

us 

/,  =  IJi  =  4+  IJJs  -  I)  =  /^  4-  0.0027379/^ ; 

U^-^    =  /,  -  h  (i  -  y  =  /.  -  0.0027304/.. 

By  the  use  of  these  formulae  the  process  of  converting  a 
ereal  interval  into  a  mean-time  interval,  and  vice  versa,  is 
ide  very  easy.  It  is  rendered  more  easy  by  the  use  of 
ibles  II.  and  III.  of  the  Appendix  to  the  American  Ephem- 
s  and    Nautical  Almanac,  where  the  quantity  IJJi^i)  is 

/en  with  the  argument  /„,,  and  /.( i  —  -  j  with  the  argument  /, 

Example. — Given  the  sidereal  interval  /.  =  15*"  40"  50'.50,  find 
-  corresponding  mean-time  interval. 

/,  =  15^  40°"  50".  50 
Table  II.  gives  for  15**  40°"  2     33.996 

"      "  "      50^.50  0.138 
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3$5.  To  change  Mean  Time  into  Sidereal— Refc»T& 
IQ  Fig.  145.  suppose  5  to  represent  the  mean  sun. 

Then  ZPS  =  hourangle  of  mean  sun  =  mean-time  -  h 
VPE  ^  R.  A.  of  mean  sun  ^  ar, ; 
0  =  sidereal  time* 
From  equation  (i),  p,  573^ 
(^^^,+  T. 

The  right  ascension  of  the  mean  sun  is  given  in  theAffld 
can  Ephemeris  both  for  Greenwich  and  Washington 
noon  of  each  date.  It  is  called  ordinarily  the  siderfaltim 
w$aiM  naon,  which  is  of  course  the  right  ascension  of  then 
^un  at  noon,  since  at  mean  noon  the  mean  sun  is  on 
meridian  and  its  right  ascension  is  equal  to  the  siderteal  tii 
Jince  the  sun*s  right  ascension  increases  360"^  or  24^111 
'^j*ear»  it  will  change  at  the  rate  of  3"*  56*.555  in  one  daf, 
9\SS65  in  one  hour. 

Suppose  ^/  =  sid,  time  of  mean  noon  at  Greenwich; 

tf,  =    **       *  *'      **  the  place  fofwW 

T  is  known ; 
L  =  longitude  west  of  Greenwich. 
Jen  B^  =  e;  +  9\8565J:, 

z   L  h  expressed  in  hours  and   decimals  of  an  hofl 
[in  this  way  the  sidereal  time  of  mean  noon  may  be  obtaifl< 
for  the  meridian  of  observation. 

Substituting  for  or,  its  equivalent,  and  reducing  the  mi 
lime  interval  to  sidereal. 

£x^i////A%— Longitude  of  St.  Louis^  6^  d°*  4gM6^< 
pan  time*  1886.  June  10,  10^  25"^  2S\^,  Required  corr 
y  sidereal  time. 
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Prom  Amen  Ephem.,  p.  93  : 

B^*  (for  Greenwich)    =     5M  5™  3\3o 
6.01 36  X  9-S565  =  Q    59-^7 

B,  =.    5    16      2  57 

r  =  10  25  25*50 

T{k  —  I ),  Table  1 1 L »  =  I    4274 

9  =  IS  43    10.81 

It  should  be  remarked  that  the  quantity  59*.27  will  be  a 
^lant  correction,  to  be  added  to  the  sid.  time  of  mean  noon 
Greenwich  to  obtain  the  sid.  time  of  mean  noon  at  St. 

AIS. 

386-  To  change  from  Sidereal  to  Mean  Timc^This 
cess  is  simply  the  reverse  of  that  for  changing  from  mean 
lidereal  time.     Using  the  same  notation  as  before,  we  shall 


I 


T=e-8,-{ii-e:i(i-iy 


Subtracting  from  the  given  sidereal  time  (#)  the  sidereal 

tc  of  mean  noon  (^,),  we  have  the  sidereal  interval  elapsed 
Ce  mean  noon,  and  this  needs  simply  to  be  changed  into  a 
en-time  interval, 

Example.— Given    1886,  June    10,    15^' 43""  lO'.St   sidereal 
ic,  to  find  the  corresponding  mean  time. 


(as  before) 
(e_^^)(i^j^)  (Table  II 


^  ^  15  43  10.81 

^,  =    5  i6  2.57 

^  —  ^.  =  10  27  8.24 

I  42.74 

T^  10  25  25.50 
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387.  The    Observation    for    Time,  as   here   dcstrili 
consists  in  observing  tht!  passage,  or  transit,  of  a  star  a| 
the  meridian.     The  direction  of  the  meridian  is  supposa 
have  been  determined  by  an  azimuth  observation.    If  tluj 
strument  be  mounted  over  a  station  the  azimuth  froiiii^ 
to  some  other  visible  point  is  known,  the  telescope  car.  hj 
in  the  plane  of  the  meridian.     An  observation  of  the  p. 
of  a  star  across  the  meridian  will  then  give  the  local  time, 
the  fnean  local  time  of  transit  of  that  star  has  been  c  >m[M| 
In  order  to  eliminate  the  instrumental  errors  at  least  LWOj 
should  be  observed,  at  about  the  same  altitude.     If  ^hc  u 
ment  has  no  prismatic  eye-piece,  then  only  south  stirs  e 
observed   with  the  ordinary   field-transits;  that  is,  only 
having  a  south  declination,  if  the  observer  is  in  about  40^* 
latitude.    Stars  near  the  pole  should  not  be  chosen,  sinci 
move  so  slowly  that  a  small  error  in  the  instrument 
make  a  very  large  error  in  the  time  of  passage.  j 

388.  Selection  of  Stars*— Tlie  stars  shou!d  be  chosi 
pairs,  each  pair  being  at  about  the  same  altitude,  or  declia 
It  is  supposed  that  the  American  Ephemeris  is  to  be 
The  **  sidereal  time  of  transit,  or  right  ascension  of  the 
sun/*  is  its  angle  reckoned  easterly  on  the  equatorialfrol 
vernal  equinox.     This  is  given  in  the  Ephemeris  for  tvtt 
of  the  yean    Similarly,  the  right  ascension  of  many  fixeC 
is  given  for  every  ten  days  of  the  year,  under  the  hfi 
"  Fixed  Stars,  Apparent  Places  for  the  Upper  Transit  at 
ington,"     These  latter  change  by  a  few  seconds  a  year, 
the  fact  that  the  origin  of  coordinates,  the  vernal  equinox 
changes  by  a  small  amount  annually.     If,  therefore,  the^ 
angle,  or  right  ascension,  of  both  the  mean  sun  and 


* II  IS  assumed  that  ibe  engineer  or  surveyor  has  only  ihe  ordinni 
iransiL  witboyt  pritsiniUic  eye  piece,  so  that  he  can  only  read  altitudes  1( 
^'.    The  accuracy  to  be  attained  is  about  to  ihe  aearest  second  of  t\tm 
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'  be  found  for  any  day  of  the  year,  the  diflcrciKc  will  be  the 
i^rmi  inten^ai  intervening  between  their  meridian  passages, 

one  having  tiie  greater  hoiir^angle  crossing  the  tncridian 
Uch  later  than  the  othen  When  this  interval  is  cha«igcd 
;  mmHfime  the  result  is  the  mean  or  clock  time  intervening 
rtween  their  meridian  passages.  If  a  fixed  star  is  chosen 
lose  right  ascension  is  eight  hours  greater  than  that  of  the 
?an  sun  for  any  day  in  the  year,  then  this  star  will  come 

the  meridian  eight  hours  (sidereal  time)  after  noon,  or  at 

S8"  41*. 364  after  noon  of  the  civil  day  indicated  in  the  Nau- 

^al  Almanac.     If*  therefore,  one  wishes  to  make  his  obscrva- 

ns  for  time  from  8  to  10  o'clock  P.M,  he  should  select  stars 

lose  hour-angles,  or  right  ascensions,  arc  from  8  to  to  hours 

^*ater  than  that  of  the  mean  sun  for  the  given  date. 

In  the  following  table  such  lists  are  made  out  for  the  first  day 
each  month  for  the  year  1888.  The  mean  time  of  transit  is 
Ven  for  the  meridian  of  Washington  to  the  nearest  minute,  as 
ell  as  its  mean  place  for  the  year.  None  of  these  values  will 
try  more  than  three  or  four  minutes  from  year  to  year,  and 
icrefore  the  table  maybe  used  for  any  place  and  for  any  time, 
lie  table  merely  enables  the  observer  to  sr/tci  tftt  stars  to  be 
^served.  After  these  are  chosen  their iiftai mea^  timeofiransti 
[list  be  worked  out  with  accuracy  from  the  Nautical  Almanac* 
k>rany  other  day  of  the  month  we  have  only  to  remember  that 
ke  star  comes  to  the  meridian  3""  56*  earlier  (mean  time) 
tch  succeeding  day,  so  that  for  n  days  after  the  first  of  the 
lonth  we  subtract  3.93  n  minutes  from  the  mean  time  of 
ansit  given  in  the  table,  and  this  w*ill  give  the  approximate 
\/t^n  lime  of  transit  for  that  date.    If  we  take  n  days  before 


•  ETe«  ii*»  Woable  majr  be  ftiroided  by  asing  CMrkt*t  TmHiii  Tahkf  (Spori^ 
1).  Wee  CO  AmeHcaa  piirckifef5  les*  than  one  doltmr.  They  are  pub- 
idV^mf  in  advaoce^  and  give  the  Greca  wicb  mean  iitue  of  tratiiic  of  ibe 
maan  ix^  itan  forevef7  A^s  In  tbe  j^*i,  Tfaey  Are  computed  %rn  x^p 
frow  the  Kaatical  Almanac 
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^^g»ln  the  table,  add  J93  it  m routes  to  the  correspondiM 
^^P  oi  EransLt  to  find  the  approximate  time  of  transit  fortlnl 
M^H  date.  This  table  is  therefore  a  fnere  tuattcr  of  coc?^i 
nJQBCt  to  as^i^t  hi  selecting  the  stars  to  be  used.  They  an] 
ifCgu^atl  southern  stars*  since  these  only  can  be  obscr\ ct^  ^ttA 
tkeonlhvary  field^ransit, 

^jS^.  Finding:  the  Mean  Time  of  Transit — As  cKpbiftd 
^bevc.  the  mean  or  clock  time  of  transit  15^  simply  the  $id 
^Mlen'^il  between  the  mean  sun  and  star  for  the  given  phcciTtJ] 
4^tt^  reduced  to  mean  time.     To  find  this  interval  wc  findtk 
l^r  ascension  of  both  nican  sun  and  star,  and  take  thrirdiM 
l^nce.     But  the  right  ascension  or  sidereal  time  of  the  in<3i 
fun  or  mean  noon  is  given  for  the  meridian  of  Gree(miA| 
ffhcrcas  by  the  time  the  sun  has  reached  the  given  Arn  1 
g&eridian    its  right   ascension  or  sidereal   time  has  mu'^-. 
^nicwhat,  the   hourly  increase   being  g'.g^s.     To  fifid 


4»  je**i#-i^#»:)l    fimfi    nf     m/»n«    iinnti**    frt*-    f-li^    <*«»« 


^.1^ —     wh^^^ 
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Example. — Compute  the  local  mean  time  of  transit  of  €  Eridani  at  St.  Louis 
t  Jan.  16,  i883. 

Sidereal  lime  of  mean  noon  at  Greenwich   =  iq**  41°  27*. 80 
Correction  for  longitude  6.05^  west 

Local  sidereal  time  of  mean  noon 
Right  ascension  6  Eridani  Jan.  16 

Sidereal  interval  after  mean  noon 
Correction  to  reduce  to  mean  time 

Local  mean  time  of  transit 


=  + 

59.63 

=  19 

=  3 

42 
27 

27.43 
39.21 

=  7 

45 

1 

II  .78 
16  .21 

=    7*"  43"  5  5*.  57 


390.  Finding  the  Altitude. — The  relation  between  lati- 
ide,  declination,  and  altitude  is  shown  by  Fig.  146,  which  rep- 
rsents  a  meridian  section  of  the  celestial 
>here.  Let  PP  be  the  line  through  the 
irth's  axis ;  QQ  the  plane  of  the  equa- 
►r;  Z  the  zenith,  and  HH'  the  horizon, 
ken  HP—ZQ=  0  is  the  latitude  of 
le  place,  and  QS=^  and  QS"  =  -6'' 
'e  the  declinations  of  5  and  5''  respec- 
vely.     The  altitude  of  the  star  5  is  /^'5,  Fig.  146. 

"measured  from  the  south  point  it  would  be  US,     The  alti- 
ide  of  the  star  S'  is  ffS'\ 

We  have  therefore  for  altitude  of  5 

A  =  //Z -  ZG+  (25  =  90^  -  0+  tf. 
Jso  for  altitude  of  S'\ 

h'  =^HZ--  ZQ-  QS"  =  90°  -  0  -,  S' 

But  since  south  declination  is  considered  as  negative,  we 
ave,  in  general,  for  altitude  from  the  south  point,  of  a  star  in 
le  meridian, 

^  =  90°  -  0  4-  d. 


The  latitude  is  supposed  to  be  known  and  the  declination 


s^u 
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is  given  in  the  table,  whence  the  altitude  of  any^taj"  m  th 
list  is  readily  found. 

39i<  Making  the  Observations.— The  meridian  is  sufi 
posed  to  be  established.  This  may  be  done  either  by  \\^'i^ 
two  points  in  it  fixed,  one  of  which  is  occupied  by  the  \min 
ment  and  the  other  by  a  target,  or  an  azimuth  may  be  know 
to  any  other  station  or  target.  In  either  case  the  instrumei^ 
is  put  into  the  meridian  by  means  of  hth  zterniers^  eithcn 
ing  the  mean  of  the  two  read  zero  on  the  meridian  post*  ort 
making  the  mean  of  their  readings  on  the  azimuth  station 
fer  from  their  mean  reading  in  the  meridian  by  an  amoun| 
equal  to  the  azimuth  of  the  given  line. 

Or,  the  setting  may  be  approximately  on  the  meridians 
the  angle  measured  so  that  tlie  true  deviation  of  the  in 
ment  from  the  meridian  is  observed  for  each  star  obsen^atioi 
The  error  in  time,  from  a  given  small  error  in  azimuth,  is  th 
found  from  the  differential  equation^ 

cos  O 

where  di  is  the  error  in  hour-angle  in  seconds  of  (treytmS^ 

is  the  deviation  from  the  meridian  in  seconds  of  arc,  ^ 
the  latitude  of  the  place^  and  6  the  declination  of  the  star 


*  One  of  the  fundamental  equations  that  may  be  written  from  an  imf 

of  Fig.  11,  p.  49.  is 

cos  ^  sin  t  ~  —  cos  k  sin  n. 
where  A  is  the  altitude  and  A  ^.  and  u  as  above.     Differentiatinf  with  i 
to  /  and  a^  we  have 

_  _  cos  k  cos  tf 
~       cos  B  cos  / 

For  observations   vevy  near  the  meridian   both    cos   a  and  cos  *1 
unity,  and  then  we  have 


da. 


,^  CC15  k    .        Sin  (0  —  ^) 

dt  •=  —       -  ^m  —  — . — -  *i 

cos  a  cos  o 
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laving  found  the  time  correction  in  seconds  of  arc,  the 
action  in  seconds  of  time  is  found  by  dividing  by  fifteen. 
f  the  declination   is  south,  or  negative,  the  equation  be* 


COS  o 


The  error  from  this  cause  diminishes  as  the  altitude  of  the 
increases,  and  is  zero  for  a  zenith  observation. 
The  stars  are  chosen  in  pairs,  the  two  stars  of  a  pair  hav- 
about  the  same  attitude  or  declination.  Thus,  from  the 
tary  group  we  might  select  o*  Eiidani  and  ^  Ononis  as 
pair,  and  >S  Eridani  and  r  Ononis  for  another.  The  stars 
of  course  observed  in  the  order  of  their  coming  to  the 
dian^  irrespective  of  the  way  they  are  paired,  but  they  are 
*d  in  the  reduction. 

The  visual  angle  of  the  field  of  view  of  the  ordinary  engi- 
'*s  field-transit  is  something  over  one  degree.  The  star 
therefore  be  visible  in  the  telescope  for  something  over 
minutes  before  it  comtfs  to  the  vertical  wire,  it  being  here 
med  that  there  is  but  one  vertical  thread.  Let  an  attend- 
hold  the  watch  or  chronometer  and  note  the  time  to  the 
est  second  when  the  star  is  on  the  wire,  as  noted  by  the 
srver.  If  this  time  be  compared  with  that  of  the  computed 
n  time  of  transit,  the  error  of  the  chronometer  is  obtained, 
ir  as  this  observation  gives  it> 

Tk^  insirttmeni  must  be  reifirsed  an  the  secand  star  af  tack 
\  This  is  to  eliminate  the  instrumental  errors.  The  hori- 
:al  angle  to  the  station-mark  {whether  this  be  on  the 
idian  or  not)  should  also  be  read  for  every  reading  on  a 
or  at  least  before  and  after  the  star-readings. 
Tic  following  programme  would  be  adapted  to  observa- 
I  no  the  four  stars  select c*!  above  : 
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PROGRAMME. 

1.  Set  on  azimuth  Station  and  read  horizontal  angle  (d 
verniers), 

2.  Set  in  the  meridian  and  read  both  verniers. 

3.  Set  the  approximate  altitude  of  o*  EridanL 
4  Note  time  of  passage  of  o'  Eridani, 

5.  Set  on  azimuth  station  and  read  both  verniers. 

6.  Set  in  the  meridian  and  read  verniers* 

7.  Note  time  of  passage  of  p  Endani. 

8.  Ri'voive  the  uiescope  180°  on  its  fwrisonial  axis,  nk 
and  read  on  the  azimuth  station. 

9.  Set  in  the  meridian  and  read  verniers, 
ID.  Note  time  of  passage  of  ft  Orionis, 

11.  Note  time  of  passage  of  r  Ononis, 

12.  Read  both  verniers  again  in  the  meridian  befofti 
instrument  is  disturbed. 

13.  Read  to  azimuth  station. 
We   have   thus  obtained  four  measurements  of  the  I 

zontal  ang^le,  and  read  with  the  telescope  normal  and  invert 
on  each  pair  of  stars.     Especial  care  must  be  taken  to  seetli 
the  plate-bubble  set  perpendicular  to  the  telescope  is  ei 
ill  the  centre  when  readings  are  taken  to  the  stars.     The  mCi 
chronometer  error  for  the  two  stars  of  a  pair  is  its  true  crii 
provided  it  has  no  rate.     If  the  chronometer  has  a  known  1 
that  is,  if  it  is  known  to  be  gaining  or  losing  at  a  certain! 
then  its  error  must  be  found  for  some  particular  time»  ast 
of  the  first  observation.     Its  rate  must  then  be  applied  toth 
observed  time  of  transit  of  the  other  stars  for  the  intcrvc 
intervals  before  comparing  results.     If  local  time  alone  isi 
sired,  the  result  is  obtained  as  soon  as  a  pair  of  stars  has  1 
observed  and  their  mean  result  found. 

392*  Longitude.— If  geogrnphical  poj^ition  or  longitu<teS 
sought,   it    remains  to   compare  the   chronometer  with 


andard  or  meridian  time  for  that  region.     This  standard  time 

now  transmitted  daily  from  fixed  observatories  to  almost  all 
ilroad  stations  in  the  United  States,  The  time  thus  trans- 
it ted  is  probably  never  in  error  more  than  a  few  tenths  of  a 
^cond.  It  is  usually  sent  out  from  lo  A.M.  to  noon  daily.  If 
ic  rate  of  the  station  clock  is  known,  and  also  that  of  the 
atch  used  in  the  time  observation,  then  a  comparison  of  these 
tbsequent  to  the  observation  would  give  the  difference  be- 
ireen  local  time  and  the  hourly  meridian  time  used,  which 
ifference  changed  to  longitude  would  be  the  longitude  of  the 
ace  east  or  west  of  that  standard  meridian.  If  the  station 
ock  cannot  be  relied  on  as  to  its  rate,  then  the  watch  used  in 
le  observation  must  have  a  constant  known  rate.  In  thig 
ise  the  observer  compares  his  watch  on  the  following  day 
ith  the  time  signal  as  it  is  trani>mittcd  over  the  railroad  com 
My*s  wires,  and  so  obtains  his  longitude. 

Local  lime  can  be  observed  in  this  way  by  means  of  an  ordi 
ajy  transit  to  the  nearest  second  of  time,  and  the  longitude  ob 
tined  to  the  same  accuracy  if  the  rate  of  the  chronometer  used 

constant  and  accurately  known.  It  is  probable,  however, 
I  at  several  seconds  error  may  be  made  if  a  watch  is  used, 
mice  probably  no  watch  has  a  rate  which  is  constant  within 
ne  second  in  twelve  hours.     Therefore  if  longitude  is  desired 

portable  chronometer  should  be  used  whose  rate  is  well 
nown."* 

393*  Computing  the  Geodetic  Positions*— After  the 
^gles  of  the  system  are  adjusted,  and  the  sides  of  the  triangles 
>niputed,  we  have  the  plane  angles  and  linear  distances  from 
E>mt  to  point  in  the  system*     It  now  remains  to  compute  the 


rtiis  method  has  been  extensively  useti  for  obtaining  approximate  geodetic 
■^tiuns  for  the  U*  S.  Geological  Survey  in  the  West,  comparisons  beiog  made 
^y  with  the  Washington  University  time  signals  which  are  transmitted  to  the 
^^«yt  in  that  region. 
i36 


Let  L'  =  latitude  of  the  kn 

L  =  latitude  of  the  unl 

^'  =  longitude  of  the  k: 

M  =  longitude  of  the  ui 

^  =  azimuth  of  the  ur 

counting  from  tl 

S.W.N.E.: 

Z=  azimuth  of  the  knc 

or  the  back  azim 

■«:=  length  in  metres  of 

'  =  eccentricity  of  thee 

-fl' =  length  of  the  norm; 

section  perpendic 

middle  latitude,  \\ 

R  =■  radius  of  curvature  < 

.  ^*"  we  have  in  terms  of  t 
given  line,  in  seconds  of  arc,  whei 
metres, 


i-'-L^  -dL  =  BK 


cos  2 
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^*  = 


AT' arc  I'" 
l^sinZ'cosZ'sim" 


B  = 


R  arc  I' 


C  = 


tan  L 


2i?Warcl"' 


L  ■\-  L' 
Za,  =  mean  latitude  = ; 


(I  -  ^  sin*  L) 

h  =  value  of  first  term  in  right  member  =  BJC  cos  Z' 
•ful  attention  must  be  paid  to  the  signs  of  the  Z  functions. 

TABLE  O?  LMZ  COEFFICIENTS. 


Latitude. 

lA^.A-fr  «o. 

Log.  B-^to. 

Log.  C+io. 

Log.  />  +  la 

30- 

8.5093588 

8.5I15729 

I. 16692 

2.3298 

31 

3363 

5054 

.18416 

.3382 

32 

3134 

4368 

.20108 

.3460 

33 

2901 

3669 

.21772 

.3532 

34 

2665 

2959 

.23409 

.3597 

35 

8.5092425 

8.5112239 

I . 25024 

2.3656 

36 

2182 

I5IO 

.26617 

.3709 

37 

1936 

0772 

.28193 

.3756 

38 

1687 

8. 51 10027 

.29753 

.3797 

39 

1437 

8.5109275 

.31299 

.3833 

40 

8.5091184 

8.5108517 

1.32833 

2.3863 

41 

0930 

7755 

.34358 

.3888 

42 

0675 

6989 

.35875 

.3907 

43 

0419 

6220 

.37386 

.3921 

44 

8.5090162 

5449 

.38894 

.3930 

45 

8.5089904 

8.5104677 

1.40400 

2.3933 

46 

9647 

3905 

.41906 

.3932 

47 

9390 

3134 

.43414 

.3924 

48 

9133 

2364 

.44926 

.3912 

49 

8878 

1598 

.46443 

.3894 

50 

8.5088623 

8.5100835 

1.47968 

2.3871 

^  is  to  be  evaluated  for  L.  Log  sin  i"  =  4-6855749. 


Polar  scmidiaii 

Whence  the  ratio  of 
Clarke's  value  of  the 

I  metr 

The  difference  of  azii 
to  the  convergence  of  i 
tremities,  this  convergen 
(i),  being  equal  to  the  di 
the  mean  latitude. 

When  the  sides  of  s 
computed,  and  the  azimu 
several  stations,  the  su 
longitude  are  first  compu 
the  lines,  using  equation: 
the  longitude  of  the  fir 
affecting  the  accuracy  of 


*>e«r.  dei-c:ed  or  allowed  for,  in  the  adjustmcn:.  If  no  ac- 
count has  been  taken  of  spherical  excess,  the  error  in  azimuth 
Accumulates  in  working  eastward  or  westward,  and  soon  be- 
comes appreciable. 

For  ar.y  other  station  the  azimuth  correction  is  again  found 
'or  the  line  joining  this  staticn  with  a  station  where  azimuths 
^ave  been  computed,  which  when  applied  gives  the  azimuth  of 
"^bis  line  as  taken  at  the  forward  station,  whence  the  azimuths 
^>f  ali  the  lines  from  this  station  arc  known,  and  so  on. 


594.  Ex  AMI  IX. — In  Fig.  142.  p.  523,  let  ihe  azimuih  of  the  line  CJ.  from 
^.  be  60' :  iaiiindc  of  c'be4o' :  the  length  of  the  line  CD  W  25000  metres  <r>ver 
^5  mlics? :  reqcired  the  geodetic  position  of  />.  and  the  arimuth  of  the  line  I>C 
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GEODETIC  LEVELLING. 

395.  Geodetic  Levelling  is  of  two  kinds:  (A)  Trigmmt' 
rical  Leiwlling  and  {B)  Precise  Spirii-itveiiing.     In  trigotionict- 
ricaL  levelling  the  relative  elevations  of  the  tfiangulatioH'Sti'  I 
tlonsare  determined  by  reading  the  vertical  angles  between  tk 
stations.     When  these  are  corrected  for  curvature  of  the  eanh> 
surface  and  for  refraction  it  enables  the  actual  diflercnct:  ol ' 
elevation  to  be  found.     In  precise  spint-levelling  a  special  Ufc ' 
of  the  ordinary  spirit  or  engineer*s  level  is    used,  and  gtaX 
care  taken  in  the  running  of  a  line  of  levels  from  the  sca-caastj 
inland,  connecting  directly  or  indirectly  with  the  IriangubtiPfl ' 
stations  and  baselines.     Both  these  methods  will  be  dei>cnbeA 

{A)   TRIGONOM ETHICAL   LEVELLING- 

396.  Refraction, — If  raysof  light  passed  through  theatitio^ 
phere  in  straight  lines,  then  in  trigonometrical  levelling  we shouia 


liave  to  correct  only  for  the  cnr\'atyre  of  a  level  surface  at  tl« 
locality.  It  is  found,  however,  that  rays  of  light  near  ihevJ** 
face  of  the  earth  usually  are  curved  downwards — that  is,tW, 
paths  are  convex  upwards.  This  curve  is  quite  variable,  ^^3^^^ 
times  being  actually  convex  downwards  in  some  locaiilic^.  '^ 


cro.'^/.'f/c  sch'VEyrxG.  -m; 

ti.2t3  its  greatest  curvature  about  daybreak,  diminishes  rapidly 
ILill  8  A.M.,  and  is  nearly  constant  from  lo  A.M.  till  4  P.M.,  when 
i^  t>^ns  to  increase  again.  The  curve  may  be  considered  a 
having  a  variable  radius,  the  mean  value  of  which  is 
>ut  seven  times  the  radius  of  the  earth. 
397.  Formulae  for  Reciprocal  Observations,— In  Fig.  147 
dotted  curve  represents  a  sea-level  surface. 

Let  H  =^  height  of  station  jB  above  sea-level ; 
IT  =  height  of  station  A  above  sea-level ; 
C  =  angle  subtended  by  the  radii  through  A  and  B; 
-Z=  true  zenith  distance  of  A  as  seen  from  B\ 
Z  =  true  zenith  distance  of  B  as  seen  from  A  ; 
6  =  true  altitude  of  A  as  seen  from  B  =  90°  —  Z ; 
6'  =  true  altitude  of  B  as  seen  from  A  =  90°  —  Z' ; 
A  =  apparent  altitude  of  A  as  seen  from  B  =  <J  -|-  re- 

fraction ; 
A'  =  apparent  altitude  of  B  as  seen  from  A  =  6'  -]-  re- 
fraction. 
d  =  distance  at  sea-level  between  A  and  B ; 
r  =  radius  of  the  earth  ; 
m  =  coefficient  of  refraction. 

In  the  figure  join  the  points  A  and  B  by  3.  straight  line. 
^Jhis  would  be  the  line  of  sight  from  i4  to  -5  if  there  were  no 
^fraction.  Through  A  and  B  draw  the  radii  meeting  at  C,  ex- 
lending  them  beyond  the  surface.*  Take  the  middle  point  of 
the  line  AB,  as  Ify  and  draw  IfC.  Take  AA^  perpendicular  to 
^Cf  and  EE^  through  //  and  perpendicular  to  NC,  Extend 
^AA'  to  meet  a  perpendicular  to  it  from  B.     Then  do  we  have 

A'C-AC;    EE  =  AD\    and    HC^r  +  ^'^^'' 

2 

*  I0  reality  these  are  the  tiormals  at  A  and  B,  but  will  here  be  taken  as  the 
dil. 
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Neither  of  these  three  relations  is  quite  exact,  bccay 
HC  does  not  quite  bisect  the  angle  C*     The  figure  is  grcai^ 
exaggerated  as  compared    to  any  possible   case  in  practic 
for  the  angle  C  would  never  be  more  than   j*"  in  such  workf 
The  error  in  practice  is  inappreciable. 

From  the  geometrical  relatiqns  shown  in  the  figure  wr 
have 


H-  hr  =  A'B=DB^c 


But  since  C  is  never  more  than  i°,  and  usually  raudi  le^ 
we  may  say 


H-H'  =A'B  =  DB=  ADUn  BAD. 


(It 


But  AD  =  E'E  =  distance  between  the  stations  reduced  l»t 
their  mean  elevation  above  sea-level  =  d' ;  also 


BAD  =  i{JZ-Z^; 
ff~  ff'  =  if  ta.ni{2-Z'). 


(3| 


But  since  d  =  distance  between  stations  at  sea-kvcL  i 
have 

did::  r-\ :; —  :  r, 


or 


d' 


2 


=.(,+^i^.. . . 


whence  we  have^  for  reciprocal  observations  at  A  and  B, 
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^erms  of  6  and  d', 


ttention  must  be  paid  to  the  signs  of  ^  and  tf', 

effect  of  refraction  is  to  increase  tf  and  ^'  by  equal 

nts  (presumably),  whence  their  difference  remains  unaf- 

;     Equations  (5)  and  (6)  are  therefore  the  true  equations 

'for  reciprocal  observations  at  two  stations.     Since  the 

ion  is  so  largely  dependent  on  the  state  of  the  atmos- 

the  observations  should  be  made  simultaneously  for  the 

«sults.     This  is  seldom  practicable,  however,  and  therefore 

ighly  probable  that  a  material  error  is  made  in  assuming 

[he  refraction  is  the  same  at  the  two  stations  when  the 

nations  are  made  at  different  times. 

6,  Formute  for  Observations  at  One  Station  only*— 

Ivertical  angle  be  read  at  only  one  of  the  two  stations^ 

:he  refraction  becomes  a  function  in  the  problem.     Since 

urve  of  the  refracted  ray  is  assumed  to  be  circular  (it 

bly  is  not  when  stations  have  widely  different  elevations)^ 

nount  of  angular  curvature  on  a  given  line  is  directly  pro- 

>nal  to  the  length  of  the  line  or  to  the  angie  C     The  dif-' 

:c  at  ^  or  ^  between  the  directions  of  the  right  line  AB 

he  ray  of  light  passing  between  them  is  one  half   the 

angular  curvature  of   the  ray ;  that  b,  it  is  the  angle 

en  the  tangent  to  tlie  curved  ray  at  v4  and  the  cord  AB. 

■I to  between  this  refraction  angle  at  A  or  B  and  the 

C  is  a  constant  for  any  given  refraction  curve ;  that  is, 

atio  does  not  change  for  different  distances  between  sta- 

This  ratio  is  called  the  coefficient  of  refraction,  and  is 

C 
oted  by  m.     The  true  angle  A^i?  is  equal  to  <^'4  "» 

ce  the  observed  altitude  is  increased  by  the  amount  0! 


si/A'y£y/A'C. 


bave  for  the  apparent  altitude  of  B.  um] 


BAI}  =  A'^~~mC. 


nine  of  the  angle  ffAD  in  equation  (1),  l 

»#  tan  (** +!-»«£:) 

=  «tan(/i'  +  f-«c)(.+^).. 

^positive  above  and  negative  below  the  liorin- 
jsn  (8)  is  used  where  the  vertical  angle  k  read  tmff  I 
o«ty. 


GEODETIC  SURVEYINO. 


597 


ence  in  seconds  of  arc  and  distance  in  feet  we  have 


log  C  =  log  ^/  —  2.00577 

101.34 


(10) 


the  curvature  is  approximately  equal  to  \"  for  100  feet  in 
ance. 

The  following  table  gives  computed  values  of  the  combined 
in  corrections  for  curvature  and  refraction  for  short  dis- 
ces,  either  for  horizontal  or  inclined  sights.  Both  the  dis- 
ce  d  and  the  correction  r^  are  in  feet,  except  for  the  last 
imn,  where  the  distance  is  given  in  miles.  For  a  more  ex- 
ded  table  for  long  distances,  see  page  481. 


CORRECTION   FOR  EARTH'S  CURVATURE 

AND  REFRACTION. 

c. 

'      d 

c. 

i      d 

••! 

d 

c. 

d       1       c. 

miles 

Cb 

.002 

i 
1300 

.03s 

1   2300 

.,^' 

3300 

223 

4300 

.379* 

.57» 

.003 

1400 

.040 

2400 

.118 

3400 

«37 

4400 

.397    ' 

3.t85 

.005 

1500 

.046 

2500 

.128 

3500 

251 

4500 

.415 

5.142 

.007 

1600 

.052 

2600 

•>39 

3600 

266 

4600 
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«aoo 
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!     4»oo 
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10 
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399.  Formulae  for  an  observed  Angle  of  Depression  to 
5ea  Horizon. — In  Fig.  148  let  A  be  the  point  of  observa- 
1  and  5  the  point  on  the  sea-level  surface  where  the  tangent 
m  A  falls.     Then  we  have 

H=AD=*ASiMASD 

=  rtanCtan- (ll) 


•  Let  the  stuicr.t  orove  this  reValioo. 


S9S 


sa/^  VE  viNC. 


Since  the  angle  C  is  always  very  small,  we  may  let  the  d 
an^  ^^   j equal  its  tang^ent,  whence 


2  ^^ 


the  observed  angle  of  A 
ion  be  //  =r:  C  —  ^^C, 


or 


//=!:(._i_ytan'.". 
2V1  —  ;/// 


where  //  is  expressed  in  seconds  of  arc. 

r 

Lo^  -  tan'  1"  =  6.39032  for  distances  in  feet. 

400.  To  find  the  Value  of  ;//  we  have 


whence 


or 


or 


Z  —  90"  —  Ji  -\-  inC\ 

ZArZ  ^  180^+  C^  180"'  -  h-h'  ^2inC. 

h  +  // 


T    —  2111  — 


C     ' 


m^\U-\- 


h  +  h 
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1)cre  A  and  A'  are  the  observed  altitudes  above  the  horizon. 
;  is  evident  that  every  pair  of  reciprocal  observations  at  two 
ations  will  give  a  value  for  ;//.  The  mean  values  of  m.  as 
und  from  observations  on  the  United  States  Coast  Survey 
New  England,  were: 

Between  primary  stations,  ,  .  .  .  w  —  0.071 
For  small  elevations^  ....  *  m  ^  O.D75 
For  a  sea  horizon, m  =  0,078 

On  the  New  York  State  Survey  the  value  from  137  obser- 

tions  was  m  =  0.073,* 

H  A-  H* 
In  this  work  also  the  term  — — — -  in  equations  (4)  to  (8) 

Wr  affected  the  result  by  more  than  -^^  part  of  its  value. 
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PRECISE   SPIRIT- LEV ELLINaf 

I,  Precise  Levelling   differs  from  ordinary  spirit-level- 

^  both  in  the  character  of  the  instruments  used  and  in  the 
^thods  of  observation  and  reduction.  It  is  differential 
•relling  over  long  tines,  the  elevations  usually  being  referred 

mean  sea-leveh  In  order  that  the  elevations  of  inland 
kints,  a  thousand  miles  or  more  from  the  coast,  may  be  de* 
rmined  with  accuracy,  the  greatest  care  is  required  to  pre- 
ffit  the  accumulation  of  errors.  In  order  that  triangulation 
stances  may  be  reduced  to  sea-level,  the  elevations  of  the 
Lses  at  least  must  be  found*  It  is  impossible  to  carry  eleva- 
:^ns  accurately  from  one  triangulation-statton  to  another  by 
eansof  the  vertical  angles,  on  account  of  the  great  variations 

the  refraction.  Barometric  determinations  of  heights  are 
so  subject  to  great  uncertainties  unless  observations  be 
ade  for  long  periods.  The  only  accurate  method  of  finding 
c  elevations  of  points  in  the  interior  above  sea-level  is  by 

^  Sei^  pages  463  and  464  for  a  case  o£  exccastve  refraction  profiiabty  utilized. 

t  S^e  Appendix  F  (or  descriprion  of  methods  used  ©0  ihe  Mis*.  River  Survey. 
*  ftlsQ  Jrans^  Amtr^  S&c  C  Mw,  Vols,  XXX [X  and  XLV,  for  extended  paper* 
^  di5CUS!=iona.  Alio  J?f/s*  L\  X  C.  ^  (i\  Suriuy  for  i8(j3,  Ft*  II,  4cid  toe 
^7*  and  the  ^n.  ^^/f.  Mi  Si.  iCw.  Cvm.,  la^tj  lo  i^ejq. 
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first  finding  what  mean  sea-level  is  at  a  given  point  by  meani 
of  automatic  tide- gauge  records  for  several  years,  and  then 
running  a  line  o{  precise  spirit-levels  from  this  gauge  iulind 
and  connecting  with  the  points  whose  elevations  are  requiretl. 
Most  European  countries  have  inaugurated  such  systems  of 
geodetic  leveling,  this  work  being  considered  an  integral  part 
of  the  trigonometrical  survey  of  those  countries.  In  tb^ 
United  States  this  grade  of  work  was  begun  on  the  l\  \ 
Lake  Survey  in  1875,  by  carrying  a  duplicate  line  of  levels 
from  a  known  elevation  at  Albany,  N,  Y.,  and  connrcti-^:: 
with  each  of  the  Great  Lakes. 

The  Mississippi  River  Commission,  the  U,  S.  Geological 
Survey,  and  the  U,  S.  C.  &  G.  Survey  have  now  (190K  ' 
several  thousand  miles  of  these  precise-level  lines  alon^  :  1 
banks  of  ^the  Mississippi  and  Missouri  rivers  and  the  Grr 
LakeSi  a  transcontinental  line  along  the  39th  parallel,  anc 
many  lines  auxiliary  to  these.*  On  all  these  lines  permanent 
bench-marks  have  been  set  at  intervals  of  from  one  to  i'it 
milesp  and  their  elevations  determined  above  mean  sea-lcvci* 

402*  The   Instruments  used  in  this  work  were  at  finS 
those  used  in  Europe  for  this  purpose,  but  these  have  beca 
considerably  modified  in  America  in  recent  years.     The  style 
of  the    European    instrument  (made  by  J.   Kern  of 
Switzerland)  is  shown  in  Fig.  J49»t     By  turning  the  head 
as  to  bring  the  eyes  of  the  observer  into  a  vertical  line 
observing  with  both  eyes  simultaneously^   the  image  of  tl 
bubble,  as  seen  in  the  mirror,  will  appear  projected  uponti 
rod,  and  its  stability  and  position  can  be  noted  while  readli 
the  rod.     This  rod  is  shown  in  Fig-  149^,     It  has  no  tai 
but  is  divided  into  centimetre  spaces,  and    is  read  to  mill 
metres  by  estimation,  three  horizontal  wires  being  read 

•  The  author  personally  cotiductcd  some  siK  hundred  miles  of  ihis»<«^ 
See  map  by  J.  F;  Hayfortj  in  Trans,  Am.  Soc-  C.  E,,  Vol,  XLV,  p.  %i% 
f  This  insuiimeni  m^dt  b^'  W  K.  Briindis  ik  Sons  Co,,  Brooklyii,  N. 
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the  mean  taken.     The  bubble  is  placed  in  the  middle  of  the 

scale  of  the  tube,  and  /u^M  there  during  the  reading  of  the  rod 
by  means  of  the  delicate  thumb- screw  placed  under  the  eye- 
end  wye.  The  bubbles  hi  these  iii.^t rumen ts  are  very  deli- 
cate, one  division  (2  mm,)  on  the  tube  having  a  value  of  from 


two  to  four  seconds  of  arc.  They  are  always  made  with  three 
leveling-screws,  widely  spread,  and  a  watch-bubble  to  assist 
in  setting*  The  bubble-tube  is  chambered  at  pne  end  so  as 
to  maintain  a  bubble  of  the  most  efficient  length  at  all  tem- 
peratures.    The  magnifying   power   is  about  45   diameters* 
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The  instrument  is  always  shaded  when  in  service,  even  the 
tripod  legs  being  covered  with  cloth* 

A  form  of  this  iiistrument  made  by  Buff  &  Berger, 
Boston*  and  designed  by  Dr.  T.  C,  Mcndenhall,  then  Supt. 
U,  S,  C.  &  G*  Survey,  is  shown  in  Fig.  I49<i.  and  the 
present  (1901)  form  used  in  that  work  is  shown  in  Fig.  149*. 
This  last  form  of  precise  level  was  designed  by  Mr,  J.  H. 
Hayford,  Inspector  of  Geodetic  Work,  and  Mr.  E.  G.  Fischer, 
Chief  Mechanician,  both  of  the  U.  S,  C.  &  G.  Survey.  In 
the  language  of  Mr*  Fischer,*  **  the  aims  in  designing  the 
new  precise  level  were  to  select  the  material  with  a  view  to 
the  smallness  of  its  expansion  coefficient,  to  protect  the  vital 
parts  against  sudden  and  unequal  changes  of  temperature,  to 
reduce  to  the  smallest  possible  dimension  the  linear  distance 
between  level  vial  and  line  of  collimatioUp  to  insure  !>tability 
by  reducing  the  distance  between  the  centre  of  gravity  and 
the  plane  of  support »  and  to  enable  the  observer  to  obtain 
[the  rod-reading,  as  nearly  as  possiblei  simultaneously  with  the 
setting  of  the  level." 

This  instrument  embodies  many  novelties.  The  telescope 
is  flexibly  supported  inside  a  fixed  tube,  instead  of  in  wycB. 
This  fixed  tube  is  slotted  at  top  and  the  level-bubble  is 
dropped  through  this  into  almost  immediate  contact  with  the 
telescope-tube,  AH  metal  parts  are  made  of  a  nickel-steel 
having  a  small  coefficient  of  expansion,  the  more  imporrant 
screws  having  a  coefficient  as  low  as  0,000001  per  degree  C,t 

The    bubble-readings  are    made  by  means    of  an    upper 
mirror  throwing  the    images  of  the  bubble-ends    upon    tw^fl 
prismatic  reflectors  set  in  an  auxiliary  tube  alongside  the  tele- 
scope, and  thence  to  the  left  eye  of  the  observer*     By  sUncl- 
ing  erect  the  observer  then  sees  both  the  rod  and  the  bubble 

♦  Trans.  Am,  Sbc.  C,  E**  Vol*  XLV,  p*  138* 

t  Made    h\*   the    5cM:i£t6   Anonyme    de  Cpmrnctitry^Fourchambaiilt,  ifi 
Place  Vend6me,  Paris.     See  fooi-noCc,  p.  495. 
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niotime,  and  can  hold  the  bubble  to  a  central  posi^ 
I,.  ..  reading  the  rod.     A  simple  lens  at  the  eye  enddj 

tiii^  tube  (changed  for  different  eyes)  brings  these  imigclj 
into  tlic  range  of  distinct  vision.  This  device  enables  the' 
bubble  to  be  read  simultaneously  with  the  rod,  without 
]Mr«Ulax«  and  with  a  normal  or  erect  po?;ition  of  the  bc«ij\ 
It  requires  a  taller  tripod,  however,  than  is  customary  wit3i 
other  forms  of  levels.  This  is  probably  the  most  perfttt 
torni  of  precise  level  ever  devised.  It  sets  very  low  on  tbc 
tripod  and  has  proved  very  stable  in  the  wind- 
Probably  the  most  perfect  rod  for  precise  levelling  ev 
devised  is  that  shown  in  Fig.  149*:,^  It  is  an  improvemc 
upon  the  Kern  rods  in  several  particulars.  For  short  sigli 
the  subdivision  of  the  centimetre  spaces  would  be  helpfat 
The  projecting  sides  also  preserve  the  face  of  the  rod  Iron 
injury.  The  pin  here  shown  for  a  turning-point  was 
used  by  the  author  in  i85l.  Its  bearing-surface  is 
convex  upward,  with  a  lower  groove  for  sand  and  dirl  whic 
nifty  be  blown  in  while  in  use,  is  important.  Foot-plates  bavi 
been  found  less  stable  than  these  pins. 

In  Fig.  149^  is  shown  the  instrumental  outfit  for  a  double 
level  party  when  running  upon  a  railroad  and  using  a  hand 
car.     The  tents  were  used   only  in   strong  winds,  but 
vtmbretla  shields  were  used  constantly,  in   even   the  lighte 
winds.     Sun-umbrellas  were   also  used  at  all  times,  to  shad 
the  instruments.    The  rod-tripod  was  used  only  in  adjustingt 
rod  ^bubble  eveiy  morning,  or  when  removed  from  ils  camra 
cover.    If  a  fixed  support  could  be  had,  like  the  side  of  a  housetl 
a  fence,  or  a  tree,  the  rod-tripod  could  be  dispensed  with  in 
Hkdi opting  the  rod- bubble.    This  outfit  was  used  by  the  autho 
In  »dl  lu5^  precisc^level  work  referred  to  in  Art.  401.    Thirtcerf 
iui*n  with  a  double  instrumental  outfit  rode  on  this  can 

^  ntilgntd  bx  Mr.  Dftvid  5*  Xoliior.  M.  Am.  5oc.  C,  £.,  and  descnM] 
ill  t  litki*  Aitu  Soc.  C.  E,,  Vol  XLV,  p,  la. 
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403.   The  Instrumental  Constants  whkk 

must  be  accurately  determined  once  for  all^  but 
re-examined  each  season,  are — 

1,  The  angular  value  of  one  division  on  the 
bubble-tube. 

2,  The  inequality  in  the  size  of  the  pivot- 
rings. 

3,  The  angular  value  of  the  wire-interval,  or 
the  ratio  of  the  intercepted  portion  on  the  rod  to 
the  distance  of  the  rod  from  the  instrument. 

4,  The  absolute  Icng^ths  of  the  levelling- rods. 
These    constants    may   be    determined    as 

follows : 

The  I'atuc  <}/  one  dknsmi  of  the  bui?bic  may 
be  readily  found  by  sighting  the  telescope  on 
the  rod,  winch  is  set  at  a  known  distance  from 
the  instrument,  and  runnin^^  the  bubble  from 
end  to  end  of  its  tube,  taking  rod-readings 
for  each  position  of  the  bubble.  The  bubble- 
graduations  are  supposed  to  be  numbered  from 
the  centre  towards  the  ends. 

Readings  should  be  taken  only  for  extreme 
positions  of  the  bubble,  and  not  for  central  or 
intermediate  positions,  as  those  would  have  little 
w^eight  in  fixing  the  average  value  of  one  divis- 
ion.  To  test  the  unijoruiiiy  of  the  curvature  of 
the  bubble,  however,  readings  should  be  taken 
for  movements  of  a  single  division,  back  and 
forth,  until  many  rod-readings  have  been  taken 
for  each  babble  position.  Then  average  rod- 
readings  could  be  found  for  average  bubble 
positions,  differing  by  about  one  division  only, 
and  thence  the  uniforn^ity  of  the  curvature  of 
the  tube  determined* 


1 


GEODEl'IC  SUKVEYING.  605 


Let  if,  =  mean  of  all  the  eye-end  readings  of  the  bubble 
when  it  was  run  to  the  eye-end  of  its  tube ; 

E^  =  same  for  bubble  at  object-end  of  tube  ; 

£?j  =  mean  of  all  the  object-end  readings  when  bubble 
was  at  eye-end  of  tube ; 

O^  =  same  for  bubble  at  object-end  of  tube; 

i?,  =  mean  reading  of  rod  for  bubble  at  eye-end , 

R^  =  same  for  bubble  at  object-end  ; 

D  =  distance  from  instrument  to  rod ; 
V  =  value  of  one  division  of  the  bubble  (sine  of  the 
angle)  at  a  unit's  distance. 


n[^^.-^^^) 


In  seconds  of  arc  we  would  have 


V  (in  seconds)  =  — ---|'- j^'  _  .    (2) 

D  sin  I  '  y— ^— — -\ 


If  a  table  is  to  be  prepared  for  corrections  to  the  rod-rcad- 
igs  for  various  distances  and  deviations  of  the  bubble  from 
le  centre  of  its  tube,  then  the  value  as  given  by  equation  (i) 
,most  convenient  to  use.  The  value  of  one  division  of  a  level 
ubble  should  be  constant,  but  it  is  often  affected  by  its  rij^jd 
Lstenings,  which  change  their  form  from  changes  in  tempcra- 
ire. 

The  inequality  in  the  size  of  the  rings  is  found  by  revers- 
ig  the  bubble  on  the  rings,  and  also  reversing  the  telescope 
I  the  wyes.  The  bubble  is  reversed  only  in  order  to  eliminate 
s  error  of  adjustment.  Tlie  following  will  illustrate  the 
icthod  of  making  and  reducing  the  observations; 


'          Co6 

suMrMV/va 

BfJ»BLM*RUlllKei 

North, 

SwiLb 

Tel.  eye  end  north. 

Lev.  direct. 

4-3 

i    ■ 

tf                  n                         t* 

reversed. 

4.7 

11 

■ 

9.0 

(-1.7) 
-0.42 

10.7 

^m            TeU  eye-end  south 

Lev.  direct. 

&.a 

3.: 

1_    

*'      reversed. 

6,6 

H 

m 

12.8 

+  145 

7-0 

^F             TcU  eyeend  north 

Lev»  direct. 

4  4 

5^5 

^^    

**     reversed. 

4.8 

5^3 

p 

g.2 

(-KS) 
-0.38 

107 

^m              Mean  reading  north 

=  —  0*40 

^H                                        south 

-  +  1^45 

North   minus  south  =  —  1*85 


That  is  to  say,  the  bubble  moves  1.85  divisions  tm^ards  t^ 
object -end  when  the  telescope  is  reversed  in  the  wyes.  ThiM 
evidentiy/ti/iVrthc  inequality  of  the  pivot-rings  \  and  since  tfe 
axis  of  a  cont!  is  inchned  to  one  of  ils  elements  by  one  bil 
the  angle  at  the  apex,  so  the  Hne  of  sight  is  inclined  to  1 
tops  of  the  rings  by  one  fourth  of  1,85  divisions,  or  046  divi 
sions  of  the  bubble.  It  is  also  evident  that  the  eye-end 
is  the  smaller,  and  that  therefore  when  the  top  stiHaces  of  th 
rings  are  horizontal  the  line  of  sight  inclines  downward  froii 
the  instrument.  The  correction  is  therefore  positive,  Thisil 
called  the  pivot-correction,  and  changes  only  with  an  yneqii 
wear  in  the  pivot-rings. 

The  angular  value  of  the  wiri4nierval\^  found  by  measu! 
ing  a  base  on  level  ground  of  about  300  feet  from  an  iflili 
point  /^  in  front  of  the  objective.     Focus  the  telescope 
a  very   distant   object,  and   measure   the   distance   from  ll| 
inside  of  the  objective  to  the  cross-wires,  this  being  the  vah 


♦  See  art,  200  for  the  significantai  of  thi;*  terra,  a^k  well  iis  fgr  the  ihc^jry  ftf  U* 
pioblcm. 
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ry  for  that  instrument.     Measure  the  space  intercepted  on 
ic  rod  between  the  extreme  cross-wires. 


If  rf=  length  of  base,  counting  from  the  initial  point; 
s  =  length  of  the  intercepted  portion  of  the  rod ; 

r  ^  -T  •=,  constant  ratio  of  distance  to  intercept ; 

d 
icn  r  =  -; 


rid  for  any  other  intercept  s'  on  the  rod  we  have 

rf'  =  r/+/+^ (3) 

Vhen  r,y,  and  c  are  found,  a  table  can  be  prepared  giving 
istances  in  terms  of  the  wire-intervals. 

The  errors  in  the  absolute  lengths  of  the  rods  affect  only 
he  final  differences  of  elevation  between  bench-marks.  This 
orrection  is  usually  inappreciable  for  moderate  heights. 

404.  The  Daily  Adjustments. — The  adjustments  which 
re  examined  at  the  beginning  and  close  of  each  day's  work 
re  as  follows : 

1.  The  coHimation,  that  is,  the  amount  by  which  the  line 
f  sight,  as  determined  by  the  mean  reading  of  the  three  wires, 
eviates  from  the  line  joining  the  centres  of  the  rings. 

2.  The  bubble-adjustment — that  is,  the  inclination  of  the 
>cls  of  the  bubble  to  the  top  surface  of  the  rings. 

3.  The  rod-level.  This  is  examined  only  at  the  beginning 
f  each  day's  work,  and  made  sufficiently  perfect. 

The  first  two  adjustments  are  very  important,  since  it  is  by 
leans  of  these  (in  conjunction  with  the  pivot-correction, 
stermined  once  for  the  season)  that  the  relation  of  the  bubble 
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to  the  line  of  sight  is  found*  It  is  not  customan^  in  thiswori 
to  try  to  reduce  these  errors  to  zero,  but  to  make  them  rcascj 
ably  small,  and  then  determine  their  vaiues  and  correct  fo 
them.  It  is  evident  that  if  the  back  and  fore  sights  be  kcpt^ 
exactly  equal  between  bench-marks*  then  the  errors  in  the 
instrumental  adjustments  are  fully  eliminated  ;  and  in  any  case 
these  errors  can  only  affect  the  excess  in  length  of  the  sum  of 
the  one  over  that  of  the  other.  It  is  to  this  excess  in  length 
of  back-sights  over  fore-sights,  or  vice  versn^  that  the  instrti- 
mental  constants  are  applied  ;  but  in  order  to  apply  them  thdr 
values  must  be  accurately  determined.  The  curvature  of< 
level  surface  would  also  enter  into  this  excess^  but  it  is  usualljj 
so  small  a  residual  distance,  that  the  correction  for  curvatuit 
is  quite  insignificant.  There  are,  however,  three  instrument^ 
corrections  to  be  applied  for  the  amount  of  the  excess,  namdj 
the  corrections  for  collimation,  inclination  of  bubble,  and  in 
equality  of  pivots,  designated  respectively  by  r,  i,  and  p.  Sin 
three  horizontal  wires  are  read  on  the  rod,  the  wire-inter 
can  be  used  in  place  of  the  distances,  for  they  are  linear  func 
tions  practically,  and  so  a  record  is  kept  of  the  continued  sun 
of  the  lengths  of  the  back  and  fore  sights,  and  from  these  thcj 
final  difference  is  found. 

The  coliimation  correction  is  taken    out    for   a  distance 
one  unit  (the  metre  has  been  universally  used  in  this  kind 
levelling),  and  then  the  correction  for  any  given  case  found) 
multiplying  by  the  residua!  distance, 

R,  ^  rod-reading  for  telescope  normal : 
R,-    *'        ii         .*  u         inverted; 

d  =  distance  of  rod  from  instrument. 


•  c  = 


jg,  -  R, 

2d 


.     •    ■    •    (')l 
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Tlu  correction  for  the  inclination  of  the  bubble  to  the  tops 
wk  the  rings  is  found  by  reversing  the  bubble  on  the  telescope 
and  reading  it  in  both  positions.  In  such  observations  the 
initial  and  final  readings  are  taken  with  the  bubble  in  the  same 
iposition,  thus  giving  an  odd  number  of  observations.  Usually 
^0  direct  and  one  reversed  reading  are  taken.  The  correction 
i found  in  terms  of  divisions  on  the  bubble,  the  correction  in 
elevation  being  taken  from  the  table  prepared  for  that  purpose. 

Let  £,  =  mean  of  the  eye-end*  readings  for  level  direct ; 
£,  =      "     "  "  "  "       "     reversed; 

(9,  =      "      "  object  •'  "       "     direct ; 

(9,=      «     "  "  "  "       "     reversed; 

,=._(^._^) (, 

The  pivot  correction  has  already  been  found,  and  is  sup- 
posed to  remain  constant  for  the  season. 

If  E  be  the  excess  of  the  sum  of  the  back-sights  over  that 
>f  the  fore-sights,  then  the  final  correction  for  this  excess  is 

C=:£[^  +  K^-+/)], (3) 

vhere  v  is  taken  from  eq.  (i),  p.  581.      Evidently,  if  the  fore- 
sights are  in  excess,  the  correction  is  of  the  opposite  sign. 

405.  Field  Methods. — The  great  accuracy  attained  in  pre- 
-ise  levelling  js  due  quite  as  much  to  the  methods  used  and 
Precautions  taken  in  making  the  observations  as  to  the  instru- 
mental means  employed.  Aside  from  errors  of  observation 
^nd  instrumental  errors,  we  have  two  other  t^eneral  classes  of 


*  By  eye-end  is  always  meant  the  end  towards  the  eye  end  of  the  telescope, 
'*^«ther  in  a  direct  or  a  reversed  position. 


any  settling  of    the  instrum 
readings  from   it  will  also  re* 
Such  errors  are  therefore  cu 
which  they  can  be  eliaimatec 
the  same  ground  in  the  ^ppm 
caution,  the  duplicate  line  shoi 
direction.     This  will  result  in 
are  run  in  the  same  direction,  t 
Atmospheric  errors  may  c 
rents  causing  the  object  sigl 
from  variable  refraction.     For 
may  be  sliielded  by  a  screen  oj 
than  eight  or  ten  miles  an  h 
To  avoid  the  evil  effects  of  an 
of  the  sights  is  shortened ;  bu! 
taken  a£  a  distance  of  about   i 
be  better  to  stop,  since  the  err 
stations  occupied  would  mak 
o'clock  A.M.  and  4  l\M,  very 
have  been  observed  on  lines  ov 
sun  to  shade,  or  vke  versa,  w 
very  steady.     In  clear  wxathe 
hours  a  day  can  be  utilized  fo]- 
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;.  If  there  is  no  mtrror  to  the  bubble,  then  it  is 
approximately  to  the  centre,  and  the  recorder  reads 
:he  observer  is  reading  the  three  horizontal  wires.  In 
the  bubble-reading  is  recorded  iiv  the  note-book,  and 
not  in  the  middle  a  correction  is  made  for  the  eccen- 
ion  by  means  of  a  table  prepared  for  the  purpose, 
n  of  the  three  wire-readings  is  taken  as  the  reading 
od,  the  observer  estimating  the  tenths  of  the  centt- 
aces,  thus  reading  each  wire  to  the  nearest  millimetre, 
is  should  be  about  equally  spaced  so  that  the  mean  of 
e  wires  coincides  very  nearly  with  the  middle  wire. 
*rences  between  the  middle  and  extreme  wire-readings  j 
taken  out  to  give  the  distance,  as  well  as  to  check  the 
themselves  by  noting  the  relation  of  the  two  intervals, 
are  not  about  equal,  then  one  or  more  of  the  three 
is  erroneous.  This  is  a  most  important  check,  and 
;es  an  essential  feature  of  the  method, 
s  been  found  economical  to  have  two  rodmen  to  each 
nt,  so  that  no  time  shall  be  lost  between  the  back  and 
it  readings  from  an  instrument-station.  Since  but  a 
rtion  of  the  day  can  generally  be  utilized,  it  is  desira- 
ake  very  rapid  progress  when  the  weather  is  favora- 
tien  two  rodmen  are  used,  and  the  air  is  so  steady  that 
e  sights  can  be  taken,  it  is  not  difficult  for  an  expc- 
observer  to  move  at  the  rate  of  a  mile  ^n  hour 
he  U*  S.  Coast  and  Geodetic  Survey*  a  much  more 
s  method  of  observing  than  the  one  above  outlined 
1  followed.  There  a  special  kind  of  target-rod  has 
iployed,  the  target  being  set  approximately  and 
,  The  thumb-screw  under  the  wye  is  used  as  a  mi- 
r- screw,  and  two  readings  are  taken  on  it>  one  when 

tlaboraic  meihods  of  observlivg  here  described  were  found  in  1899  to 
sevrti  times  the  absolulc  errors  involved  in  tbe  methods  described  in 
lit  af  this  article,  and  a$  practiced  by  ch«  author^  and  hence  ihey  were 
,  in  favor  of  the  simpler  and  more  rapid  methods.  \n  the  final  adjust 
I  the  systems  the  work  done  under  the  U.  S.  A.  Engr.  Corps  by  ihr 
/  otbirs  was  ^jven  a.  weight  ninety -five  vvmes  a^  ^^tt^V  a^  v\\^V  *LVjv\t 
t8g9  by  the  U.  S.  C.  &  G.  Survey.  See  K€p.  LT.  S,  C  fe"  G^  SurTje| 
fcndix  S,  pp.  433"^. 


ings  taken  again  with  bubble  din 
are  four  independent  readings  tal 
tating  two  micrometer^readings, 
complicated,  cacii  siglit  being  coi 
fraction  as  well  as  for  instrument 
line  is  carried  along  with  the  first 
turninfT.points  for  each  instrume 
however,  is  set  but  once,  so  that 
pendent.  The  alternate  sections  I 
thus  partly  obviating  the  object 
the  same  direction.  The  method 
the  U.  S.  Lake  and  Mississippi  I^ 
method  used  on  most  of  the  Eui 
acter. 

Th€  instrummi  is  always  s/mn 
standing  and  while  being  carried  t 
lutcly  necessary  to  do  this  in  order 
proximately  constant,  and  the  bub 

406,  Limits  of  Error*— On  i 
Survey  the  limit  of  discrepancy 
^i.m  yJ^i^  where  Kis  the  distance 
Lake  Survey  the  limit  was   10™* 

H  txf^r    ^nnffi^r  if  ir-is?    f^""  VF Xl 
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vcral  results  from  the  mean.  If  z/„  z\,  2/,,  etc.,  be  the  several 
siduals  obtained  by  subtracting  the  several  results  from  the 
ean,  and  if  -^^[z^]  be  the  sum  of  the  squares  of  these  rcsidu- 
s,  and  if  m  be  the  number  of  observations,  then  t\\t  probable 


rer  of  the  mean  is  i?  =  ±  .6745 


Y  m\in  —  i) 


This  is  the  function  which  is  universally  adopted  for  mcas- 
ring  the  relative  accuracy  of  different  sets  of  observations. 
If  there  be  but  two  observations  this  formula  reduces  to 

R=±W, 

here  V  is  the  discrepancy  between  two  results. 

The  European  International  Geodetic  Association  have 
Ked  on  the  following  limits  of  probable  error  per  kilometre 
I  the  mean  or  adopted  result:  4:  3"""  per  km.  is  tolerable; 
:  s*""  per  km.  is  too  large ;  ±  2"""  per  km.  is  fair;  and  ±  i""" 
sr  km.  is  a  very  high  degree  of  precision.  On  the  U.  S. 
>ast  and  geodetic  line  from  Sandy  Hook  to  St.  Louis,  a  dis- 
ince  of  1 109  miles,  the  probable  error  per  kilometre  was 
r  1.2"^.*  For  the  670  miles  of  this  work  on  the  Mississippi 
^iver  Survey,  of  which  the  author  had  charge,  the  probable 
rror  of  the  mean  for  the  entire  distance  was  23.5"'"'  (less  than 
ne  inch),  and  the  probable  error  per  kilometre  was  ±  0.7"'"'. f 
W  course  very  little  can  be  predicated  on  these  results  as  to  the 
dual  errors  of  the  work,  since  the  number  of  observations  on 
ach  value  was  usually  but  two ;  but  they  may  fairly  be  used 
Dr  the  purpose  of  comparing  the  relative  accuracy  of  different 
nes  where  this  function  has  been  computed  from  similar 
ata. 

407.  Adjustment  of  Polygonal  Systems  in  Levelling. — If 

•Report  U.  S.  Coast  and  Geodetic  Survey.  1S82,  p   522. 

t  Reports  of  the  Mi-iS.  Riv.  Commission  for  the  years  1882.  18S3.  and  1884. 


si/x^nr/iVa 


I 

I 


P%.|4iiit^  Wvets  closes  upon  itself  the  summation  of  all the 
elevation  between  successive  beaches  shoold  be 
not,  the  residual  error  must  be  distributed  ankfrng 
1  sides,  or  stretches,  composing  the  pol^gofi.  accct; 
law,  so  that  the  final  corrections  which  arc  apr 
^  .  ^  LTal  sides  shall  be  independent  of  all  personal  cor 
lnM^^  These  corrections  should  also  be  the  most  pr\>babk 
o^TTCction.s,  There  are  two  general  criterlons  on  whicli 
tiMind  a  theory  of  probabilities.  One  may  be  called  a 
4ind  the  other  a  postcrwrL  By  the  former  we  would  say 
the  errors  made  are  some  function  of  the  distance  mn.  as 
they  are  directly  proportional  to  this  distance,  or  to  the 
TOOt  of  this  distance,  etc.;  while  by  the  latter,  or  a  pmit 
method,  we  would  say  the  errors  made  on  the  several  lines 
,1  function  of  the  discrepancies  found  between  the  dypli 
ntcasurements  on  those  lines,  or  to  the  computed  *"prol 
error  per  kilometre,"  as  found  from  these  discrepancies, 
fdcthods  arc  largely  used  in  the  adjustment  of  obser\Mtii 
l^hese  laws  of  distribution  are  equivalent  to  establishing  a 
inethod  of  weighting  the  several  sides  of  the  system,  a  laigcr 
^^ighl  implying  tliat  a  larger  share  of  the  total  error  is  to  be 
-ii-cn  ti>  that  side.  When  any  system  of  weights  is  fixed  upoo, 
%eti  the  corrections  may  be  computed  by  the  methods  of  lc«s« 
jjj^^fo  tis  to  comply  with  the  condition  that  the  corrections 


li.   mtfSf  probable  ones   for  that  system  of  weighting* 

probable  set  of  corrections  is  that  set  the  sum  ol 

*    a  minimum.     If  the  system   includes  mow 

.  polygons,  this  method  of  reduction  is  exccedin*/7 
^vhile  tiie  increased  accuracy  is  very  small  over  tbt 


^""4  wiuch  simpler  method. 


1^0  represents  the  Bavarian  network  ol  geodetic  Icvfk 

■  n'  (tvtir  polygons.     Every  side  has  been  levelled,  ad 

,,cc  of  elevation  of  its  extremities  found.     Thc$c  ck^ 

lUnt  now  be  adjusted  so  that  the  differences  of  €tcv» 

^^  I  **  w^iK^it  '*  as  used  abovf  has  ihe  meaning  ii  hiis  00  p,  300,  ^^ 
?r   utiimiiUc   Ui   Lhc  mcanSfiK  ct  ihe  word  in  **  Le»si  Sqiure  "  •«tl, 
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ti  on  each  polygon  shall  sum  up  zero.  When  these  sums 
taken  the  following  residuals  arc  found  :  I.,  |-  20.2"'"';  II., 
39-3™;  III.,  —  25.2™";  and 
•,  +  108.0""".  It  was  sup- 
ped that  an  error  of  one  deci- 
tre  had  been  made  in  the 
rth  polygon,  but  in  the  ab- 
ce  of  any  knowledge  in  the 
e  this  error  must  be  distrib- 
rd  with  the  rest. 
The  method  which  the  au- 
►r  would  recommend  is  a 
diBcation  of  Bauernfeind's, 
:hat  the  errors  are  to  be  made 
>portional  to  the  square  roots  of  the  lengths  of  the  sides  in- 
ad  of  the  lengths  of  the  sides  directly.  Since  the  errors  in 
elling  are  compensating  in  their  nature  they  would  be  ex- 
:ted  to  increase  with  the  square  root  of  the  length  of  the 
*,  and  it  is  the  author's  experience  that  the  error  is  much 
irer  proportional  to  the  square  root  of  the  distance  than  to 
:  distance  itself. 

Instead  of  treating  the  four  polygons  as  one  system  and 
ving  by  least  squares,  the  polygon  Iiaving  the  largest  error 
closure  is  first  adjusted  by  distributing  the  error  among  its 
cs  in  proportion  to  the  square  roots  of  the  lengths  of  those 
£s.  Then  the  polygon  having  the  next  largest  error  is  ad- 
ted,  using  the  new  value  for  the  adjusted  side,  if  it  is  con- 
jous  to  the  former  one,  and  distributing  the  remaining 
Dr  among  the  remaining  sides  of  the  figure,  leaving  the 
viously  adjusted  side  undisturbed.  The  adjustment  pro- 
ds in  this  manner  until  all  the  polygons  are  adjusted.  The 
/arian  system  is  worked  out  on  this  plan  in  the  following 
ulated  form : 


6i6 


suavBYma 


ADJUSTMENT   OF   THE   BAVARIAN   SYSTEM   OF  LEVEL 
POLYGONS. 
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Beginning  with  polygon  IV.,  we  find  its  error  of  closure  t 
be  +  roS.o*'*"',  this  being  distributed  among  the  three  sides  1 
that  //ij  goes  to  side  8,  ^^  to  side  10,  and  ^  to  side  lij 
The  corrected  values  for  these  sides  are  now  found.  Nfi 
take  the  polygon  having  the  next  largest  error  of  closuK 
which  is  number  IL,  and  distribute  its  error  in  like  ma5B 
This  leaves  polygons  L  and  IIL  to  be  adjusted,  one  sidei 
the  former  and  two  of  the  latter  being  already  adjusted, 
corrected  errors  of  closure  for  these  polygons  are  Ji.}*^  ^^ 
igig'"**"  respectively*  the  former  to  be  distributed  between  th 
sides  1  and  2  and  the  latter  between  the  sides  7  and  9.  Tk 
resulting  corrected  values  cause  all  the  polygons  to  sumi 
zero. 

The  sum  of  the  squares  of  the  corrections  here  found  1 
50,02  square  centimetres,  whereas  if  the  differences  of  eln*:^ 
tion  had  been  weighted  in  proportion  to  the  lengths  of  ih 
sides  and  tlie  system  adjusted  rigidly  by  least  squares  the  su 
of  the  squares  of  the  corrections  would  have  been  49,65  squ« 
centimetres,  showing  that  the  method  here  used  is  practica 
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^^^  good  as  the  rigid  method  which  is  commonly  used.     It  has 
^^^n  found  in  practice  to  give,  in  general,  about  the  same 
""        1  corrections  as  the  rigid  system. 

408.  Determination  of  the  Elevation  of  Mean  Tide.— 

determine  accurately  the  elevation  of  mean  tide  at  any 

int  on  the  coast  requires  continuous  observations  by  means 

an  automatic  self-registering  gauge  for  a  period  of  several 

The  methods  of  making  these  observations  with  cuts 

the  instruments  employed  are  given  in  Appendix  No.  8  of 

U.  S.  Coast  Survey  Report  for  1876.     A  float,  inclosed  in 

forated  box,  rises  and  falls  with  the  tide,  and  this  motion, 

eriy  reduced   in   scale  by  appropriate  mechanism,  is  re- 

icd  by  a  pencil  on  a  continuous  roll  of  paper  which  is  moved 

a  drum  at  a  uniform  rate  by  means  of  clockwork.     An 

Iter  staff-gauge  is  read  one  or  more  times  a  day  by  the  at- 

iant,  who  records  the  height  of  the  water  and  the  time  of 

observation  on  the  continuous  roll.     This  outer  staff  is 

mected   with  fixed    bench-marks    in  the  locality  by  very 

cful  levelling,  and  this  connection  is  repeated  at  intervals  to 

the  stability  of  the  gauge. 

To  find  from  this  automatic  record  the  height  of  mean  tide, 

linates  are  measured  from  the  datum-line  of  the  sheet  to 

tide-curve  for  each  hour  of  the  day  throughout  the  entire 

iod.     This  period  should  be   a  certain   number  of  entire 

lar  months.     The  mean  of  all  the  hourly  readings  for  the 

l^period  maybe  taken  as  mean  tide.     It  maybe  found  advisable 

[^to  reject  all  readings  in  stormy  weather,  in  which  case  the 

'?Catire  lunation  should  be  rejected. 


CHAPTER  XV. 

PROJECTION    OF    MAPS.  MAP  LETTERING,  AND  TOPO 
GRAPHICAL  SYMBOLS. 


I,   PROJECTION   OF  MAPS. 

409.  The  particular   method  that  should  be  empWdi 
representing  portions  of  the  earth's  surface  on  a  plane  she 
or  map  depends,  first,  on  the  extent  of  the  region  to  be  1 
sen  ted  ;  second,  on   the   use  to  be   made  of  the  map  or  chiflj 
and  //lird,  on  the  degree  of  accuracy  d2sired. 

Thus,  a  given  kind  of  projection  may  suffice  for  a  smal 
region,  but  the  approximation  may  become  too  in;xcuratt 
when  extended  over  a  large  area.  It  is  quite  impossible  in] 
represent  a  spherical  surface  on  a  plane  without  sacrifidi^ 
something  in  the  accuracy  of  the  relative  distances,  cour 
or  areas  ;  and  the  use  to  which  the  chart  is  to  be  put  must  Ai 
termine  which  of  these  conditions  should  be  fulfilled  at 
expense  of  the  others.  A  great  many  methods  have 
propose*!  and  used  for  accomplishing  various  ends,  some 
which  will  be  described, 

410.  Rectang:ular  Projection.— In  this  method  the  mttA 
ians  are  all  drawn  as  straight  parallel  lines;  and  the  parallel 
are  also  straight,  and  at  right  angles  with  the  meridians- 
central  meridian  is  drawn,  and  divided  into  minutes  of  latituJ 
according  to  the  value  of  these  at  that  latitude  as  givco  jj 
Table  VI I L  Through  these  points  of  division  draw  the] 
lels  of  latitude  as  right  lines  perpendicular  to  the  c^ 
meridian.     On    the   central    parallel    lay   off    the    mioutd 


longitude^  according  to  their  value  for  the  given  latitude,  by 
Tabic  VIIL;  anti  through  these  points  of  division  draw  the 
other  meridians  parallel  with  the  first. 

The  largest  error  here  is  in  assuming  the  meridians  to  be 
parallel.  For  the  latitude  of  40°,  two  meridians  a  mile  apart 
^jvill  converge  at  the  rate  of  about  a  foot  per  mile.  A  knowl 
edge  of  this  fact  will  enable  the  draughtsman  to  decide  when 
this  method  is  sufficiently  accurate  for  his  purpose.  Thus,  for 
aii  area  of  ten  miles  square,  the  distortion  at  the  extreme  cor- 
ners in  longitude,  with  reference  to  the  centre  of  the  map  as 
an  origin  of  coordinates,  will  be  about  twenty-five  feet*  At 
the  equator  this  method  is  strictly  correct. 

In  this  kind  of  projection,  whether  plotted  from  polar  of 
t^ectangular  coordinates^  or  from  latitudes  and  longitudes^  all 
straight  lines  of  the  survey,  whether  determined  by  triangula- 
lion  or  run  out  by  a  transit  on  the  ground,  will  be  straight  on 
the  map ;  that  is,  the  fore  and  back  azimuth  of  a  line  is  the 
same,  or,  in  other  words,  a  straight  line  on  the  drawing  gives 
a  constant  angle  with  all  the  meridians. 

This  is  the  method  to  use  on  field-sheets,  where  the  survey 
has  all  been  referred  to  a  single  meridian, 

411.  Trapezoidal  Projection.— Here  the  meridians  are 
made  to  converge  propeHy,  but  both  they  and  the  parallels 
Sire  straight  lines.  A  central  meridian  Is  first  drawn,  and  grad- 
uated to  degrees  or  minutes;  and  through  these  points  paral- 
Itrls  are  drawn,  as  before.  Two  of  these  parallels  are  selected  * 
^fie  about  oTie  fourth  the  height  of  the  map  from  the  bottom. 
and  the  other  the  same  distance  from  the  top.  These  paral- 
lels are  then  subdivided,  according  to  their  respective  lati- 
tudes, from  Table  VIII. ;  and  through  the  corresponding  points 
^f  division  the  remaining  meridians  arc  drawn  as  straight  lines, 
"t"he  map  is  thus  divided  into  a  series  of  trapezoids.  The 
t^arallels  are  perpendicular  to  but  one  of  the  meridians.  The 
t^rincipal  distortion  comes  from  the  parallels  being  drawn  at 
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and  amounts  to  about  thirty  two  feet  m 
rlititade  40"".  and  b  neady  pfoportional  totW 
^ji^ance  cast  or  west  from  the  ccntml  mcrultaiL 
mork  should  be  plotted  from  computed  btiudcsM 
The  method  is  adapted  to  a  scheme  «kii±lei 
lOt  inan^lation  for  its  basis,  tile  geodetic  poeihfit 
J  ifeili\ms  having  been  determined,     These  conditions  n^ 
|tt££t;ed  ill  a  State  topographicai  or  geolc^cal  survcf 
t  separate  sheets,  each  sheet  covering  an  area  o(  not  s 
,  ti*efity-five  miles  square. 

4t»,  The  Simple  Conic  ?-.^i<^'±ion,— In  thb  project* 
jjjafl^  on  a  spherical  surface  are  first  projected  upon  tlie 
l^^of  a  tandem  cone,  and  then  this  conical  syrface  is  del 
^utA  into  the  plane  of  the  map.  The  apex  of  the  cd«c> 
in  the  extended  axis  of  the  eartb,  at  such  an  altlti 
the  cone  becomes  langeni  to  the  earth's  surface  at 
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^  ^^^ring  an  area  of  several  hundred  miles  square.     The  merid- 
^^*^Sand  parallels  are  at  right  angles. 

In  this  projection  the  degrees  of  longitude  on  all  parallels, 
*€pt  the  n^iddle  one^  are  too  great ;  and  therefore  the  area 
ented  on  the  map  is  greater  than  the  corresponding  area 
the  sphere. 

The  chart  should  be  plotted  from  computed  latitudes  and 
igitudes. 

413,  De  risle's  Conic  Projection.— This  is  very  similar 

the  above,  except  that  two  parallels,  one  at  one  fourth,  and 

at  three  fourths  the  height  of  the  map,  are  properly  grad- 

i^and  the  meridians  drawn  as  straight  lines  through  these 

lilts  of  division.     The  parallels  are  drawn  as  concentric  cir- 

,  as  in  the  simple  conic  projection.     This  is  therefore  but  a 

ibination  of  the  second  and  third  methods,  and  is  more 

irate  than  either  of  them.     The  cone  here  is  no  longer  tan- 

iitp  but  intersects  the  sphere  in  the  two  graduated  parallels. 

i  this  case  the  region  between  the  parallels  of  intersection  is 

jwn  too  small,  and  that  outside  these  lines  is  shown  too 

so  that  the  area  of  the  whole  map  will  correspond  very 

ely  to  the  corresponding  area  on  the  sphere.     When  these 

ileb  are  so  selected  that  these  areas  will  be  to  each  other 

Jy  as  the  scale  of  the  drawing,  then  it  is  called  "  Mur- 

I's  projection." 

4x4.  Bonne's  Projection.— This   differs   from   the   simple 

[jgaijonic   in  this — ^that  all  the  parallels  are  properly  graduated, 

p^^^Uid  the  meridians  drawn  to  connect  the  corresponding  points 

^  ^f  division  in  the  parallels.     These  latter  are,  however,  still 

^«oncentric  circles.     The  meridians  arc  at  right  angles  to  the 

.    ^^rallels  only  in  the  middle  portion  of  the  map.     The  same 

\-    «cale  applies  to  all  parts  of  the  chart.     There  is  a  slight  dis- 

"  -tort ion  at  the  extreme  corners,  from  the  parallels  being  arcs 

«>f  concentric  circles.     The  proportionate  equality  of  areas  is 
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preserved.     A  rhumb^ine  appears  as  a  curve;  but  wEenonq 
drawn,  its  length  may  be  properly  scaled. 

It  will  be  noted  that  the  last  three  methods  involve  th 
use  of  but  one  tangent  or  intersecting  cone. 

415,  The  Polyconic  Projection. — For  very  large  areas  1 
is  preferable  to  have  each  parallel  the  development  o( 
base  of  a  cone  tangent  in  the  plane  of  the  given  paralld 
This  projection  differs  from  Bonne's  only  in  the  fact  that  tli| 
parallels  are  no  longer  concentric  arcs^  but  each  \s  drawn  wi 
a  radius  equal  to  the  side  of  the  cone  which  is  tangent  \ 
that  latitude.  These,  of  course,  decrease  towards  the 
and  therefore  the  parallels  diverge  from  each  other  towa 
the  edge  of  the  chart.  The  result  of  this  is,  that  a  At 
of  latitude  at  the  side  of  the  map  is  not  equal  to  a  ttcgrd 
on  the  central  meridian ;  or,  in  other  words,  the  same  scJ 
cannot  be  applied  to  all  parts  of  the  map.  These  defects ijj 
pear,  however,  only  on  maps  representhig  very  large  af?3j 
The  whole  of  North  America  could  be  represented  by  tHi 
method  without  any  material  distortion. 

This  method  of  projection  is  exclusively  used  on  the  Uni( 
ed  States  Coast  and  Geodetic  Survey,  and  for  all  other  umj 
and  charts  of  large  areas  in  this  country.     Extensive  tafe 
published  by  the  War  and   Navy  Departments,  and 
the  Coast  Survey,  to  facilitate  the  projection  of  maps  byEi 
polyconic  system.     Table  VIIL  gives  in  a  condensed  form  tlj 
rectangular  coordinates  of    the  points  of    intersection  of 
parallels  and  meridians  referred  to  the  intersection  of  the; 
eral  parallels  with  the  central  meridian  as  the  several  origins.j 

416.  Formulae  used  in  the  Projection  of  Maps,*—! 
fundamental  relations  on  which  the  method  of  polyconic 
jection  rests  are  given  in  the  following  formulrc: 


•  See  Appendix  D  Jor  the  denvatiqn  ui  equal  ions  (i)  and  (ai. 
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ormal,  being  tlie  radius  of  curvature 
of  a  section  perpendicular   to  the  „ 

meridian  at  a  given  point iV=  7 r-A-T-vTT,    (l) 

^         ^  (1  — ^'sin'Z)**    ^  ' 

here  R,  is  the  equational  radius, 
e  is  the  eccentricity, 
and  L  is  the  latitude. 

f  I  —  ^ 
^dius  of  the  meridian R^  =  N""     ^  ,    .     .     (2) 

^dius  of  the  parallel Rp  -^  N  zos  L.    .    .    (3) 


^gree  of  the  meridian D,„  z=  —^-Rm  .     .     .     ^^4) 

=  i^ooR^  sin  i'\ 

^gree  of  the  parallel '^-^  ~  180"^^    •    •    •    (S) 

—  i6ooRp  sin  i'\ 

^adius  of  the  developed  parallel,  or 

side  of  tangent  cone r  •=:  N  cot  Z. .     .     .     (6) 

If  n  be  any  arc  of  a  parallel,  in  degrees,  or  any  difference 
f  longitude  from  the  central  meridian  of  the  drawing,  and 
0  be  the  corresponding  angle,  in  degrees,  at  the  vertex  of 
le  tangent  cone,  subtended  by  the  developed  parallel,  then 
tice  the  angular  value  of  arcs  of  given  lengths  are  inversely 
K  their  radii,  we  have 

-  =  -^  =  sin  Z, 

n        r 

X  0  —  n  fixn  L (8) 


6*4 


Since  the  developed  parallels  arc  circular  arcs,  the  rectangi 
lar  coordinates  of  any  point  an  angular  distance  o(  ^  i 
the  central  nieridjan  is. 


Meridian  distanc 
Divergence  of  p 


"t  =  jr  ^  r  sin  0. 
I  =  ^  =  r  vers  6, 

=  jr  tan  i^- 


For  arcs  of  small  i  barallel  may  be  considi 

coincident  with  its  choi^  angle  between  the  axis 

and  the  choid  is  |^.     If,  then,  the  length  of  the  arc^  which U 
nJ)^j  be  represented  by  the  chord,  we  may  write 


df^  =  meridian  d Stance  ^  x  —  ttD^,  cos  |^.  | 

and       ^//    —  divergence  of  parallt:Is  ^  y  =  fiDj,  sin  if*.  ^ 


\10\ 


If,  now.  d„r^  =  nieridian  distance  for  l  dee^rce  of  ion^ttjde, 
and  t^ittft  —  nieridiau  distance  for  //  decrees  of  lougitutk, 


we  have 


^m  "  ^/  *^^^  iK  ' 


But  ^—  n  ^\n  L,  so  that  ^,  =  i""  X  sin  L  ^  3S'  for  latitude40'. 
Thurcfure  , 


cos  ^0^  "  cos  19'  =  I,  nearly; 


so  that 


t^mi 


H  co^  {{h  sin  £),  nearly. 


.     .    {Iif 
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=  30°,  we  have  sin  Z  =  i.     Therefore,  for  ktitude  30*, 

-~^  =  rt  cos  i«  =  «  cos  {o,2Sn),  nearly. 
»jif  1 

T  we  have  obtained  the  meridian  distance,  d^,  for  i  degree 

jngitude,  and  wish   to  obtain  it  for  //  degrees  in  latitude 
we  have  but  to  multiply  the  distance  for  i   degree  by  h 

7,  In  Table  VIIL  the  meridian  distance?^  arc  given,  at  vari- 
atitudcs,  for  a  difference  of  longitude  of  one  degree.  To 
kie  meridian  distance  for  anv  number  of  degrees  or  parts 
^rees,  multiply  the  distance  for  one  degree  by  the  factor 
B  given  for  the  given  latitude.  The  factor  given  in  the 
kor  latitude  30*^  is  n  cos  (0.288^),  in  place  of  »  cos  (o.2S«), 
Dtained  above.  The  difference  is  a  correction  which  has 
L  introduced  to  compensate  the  error  made  in  assuming 
■he  chord  was  equal  in  length  to  its  arc.  The  corrected 
JTS  enable  the  table  to  be  used  without  material  error  up 
S  degrees  longitude  either  side  of  the  central  meridian. 
fo  obtain  the  divergence  of  the  parallels  for  differences  of 
itude  more  or  less  than  one  degree,  multiply  the  diver- 
m  for  one  degree  by  the  square  of  the  number  of  degrees, 
jpvident  that  this  rule  is  based  on  the  assumption  that  the 
of  the  developed  parallel  is  a  parabola,  and  so  it  may  be 
idered  for  a  distance  of  25  degrees  either  sid^:?  of  tlie  ccn- 
meridian  between  the  latitudes  30**  and  50^  without  mate- 
rror, 
the  whole  of  the  United  States  were  projected  by  thi^ 
using  the  factors  given,  to  a  scale  of  I  to  1,500,000.  thus 
ig  a  map  some  8  by  10  feet,  the  maximum  deviation  of 
meridians  and  parallels  from  their  true  positions  (which 
;  upper  corners)  would  be  but  about  0.02  iiich. 
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Thus,  for  a  map  of  this  size,  covering  20  degrees  ol 

tude  and  50  degrees  of  longitude,  the  geodetic  lines  wo 

have  their  true  position  within  \ 
width  of  a  fine  pencil  ltne,b]rtbei 
of  Table  VI I L     Fig,   151  wiU 
trate  the  use  of  the  table  in  proj« 
ing  a  map  by  the  polyconic  metb 
The  map  covers  30  degrees  inl 
tude  (30^^  to  60")  and  60  degrees | 
longitude-     The  straight  line  Ofi\ 
first  drawn  through  the  centre  of  the  map,  and  graduated 
cording  to  the  lengths  of  one  degree  of  latitude,  as  given  i 
the  second  column  of  Table  VI I L    Through  these  points  of  ^ 
vision  the  lines  m\m^,  are  drawn  in  pencil  at  right  anglesj 
the  central  meridian.     On  these  lines  the  points  m^.  t% 
are  laid  off  by  the  aid  of  the  first  part  of  Table  VI 11.    This! 
ble  gives  the  meridian  distances  when  n  is  less  than  one  dcg 
as  well  as  when  n  is  greater.     From   the  points  Wj,  %♦ 
the  divergence  of  the  parallels  is  laid  off  above  th*;  lines  ( 
by  the  aid  of  the  second  portion  of  Table  VUL,  thusobta 
the  positions  of  the  points/,,/,,  etc.     The  points/  mark 
intersection   of    the  meridians  and    parallels  ;  and  these 
be  drawn  as  straight  lines  between   these  points,  provide 
sufficient  number  of  such  points  have  been  located.     Thci 
is  then  to  be  plotted  upon  the  chart  from  computed  latitii 
and  longitudes, 

418.  Summary,— We  have  seen  that  there  are»  in  gene 
two  ways  of  plotting  a  map  or  chart,  and  two  correspon  1 
uses  to  which  it  may  be  put: 

First,  We  may  plot    by  a   system    of   plane  coordini 
either  polar  (a?Jmuth  and   distance)  or  rectangular  (latito 
and    departures)*      This   gives   a   map   from   which  dista 
azimuth  (referred  to  the  meridian  of  the  map),  and  MCMsi 
correctly  determined. 
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^cmd.  We  may  plot  the  map  by  computed  latitudes  and 
Jtncles.and  determine  from  it  the  relative  position  of  points 
Jrms  of  their  latitude  and  longitude. 

The  first  system  is  adapted  to  small  field  sheets  and  detail 
ts  for  which  the  notes  were  taken  by  referring  all  points 
single  point  and  meridian.  For  this  purpose  the  system 
octangular  projection  should  be  selected,  as  long  as  the 
of  the  chart  is  not  more  than  about  one  hundred  square 
h  If  it  be  larger  than  this,  the  trapezoidal  system  should 
sed.  In  case  this  is  done,  the  work  is  still  plotted  as 
'e,  provided  it  has  all  been  referred  to  a  given  meridian  in 
leld  work,  and  then  converging  meridians  are  drawn  as 
ibed  above.  From  such  a  chart,  not  only  the  azimutli 
rred  to  the  central  meridian)  and  distance  may  be  deter- 
d,  but  the  correct  longitude  and  nearly  correct  latitude 
jiven< 

n  the  case  of  topographical  charts,  based  on  a  system  of 
gulation,  each  sheet  is  referred  to  a  meridian  passing 
igh  a  triangulation-station  on  that  sheet,  or  near  to  it, 
Lhe  rectangular  system  used. 

;i  the  case  of  a  survey  of  a  long  and  narrow  belt,  as 
I  river,  railroad,  or  canal,  if  the  survey  was  based  on  a 
m  of  trianguiation,  the  convergence  of  meridians  has  been 
lA  after  in  the  computation  of  the  geodetic  positions  of 
\  stations,  and  each  sheet  is  plotted  by  the  rectangular 
m,  being  referred  to  the  meridian  through  the  adjacent 
gulation-station.  When  many  of  these  arc  combined  into 
gle  map  on  a  small  scale,  then  they  must  be  plotted  on 
londcnsed  map  by  latitudes  and  longitudes,  these  being 
\  from  the  small  rectangular  projections,  and  plotted  on 
educed  chart  in  polyconic  projection  ;  the  meridians  and 
lets  having  been  laid  out  as  shown  above, 
1  case  the  belt  extends  mostly  east  and  west,  and  Is  not 
i  on  a  triangulation  scheme,  then  observations  for  azimuth 


miles),  east  or  west,  in  I 
4d\  then  in  going  1 5  m 
changed  10';  and  this  is 
to  make  it  worth  while  tc 

When  running  west,  t 
tion  of  the  hands  of  a  w 
opposite  direction :  that 
azimuth^  then  the  pointir 
west  of  north,  and  the  teli 
the  right. 

If  the  azimuth  be  cof 
carried  by  back  azimuth  ai 
the  entire  survey  referred 

419,  The  Angle  of  ( 
angle  $  in  the  equations  gi 


Md 


fc^ 


1 


where  n  is  the  angular  chs 

is  the  latitude  of  the  place 

For  L—  30"*,  sin  Z  = 

longitude  of  one  degree  c! 


OOMTOUR  INTKflVAL  100  fl«T. 
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APPENDIX   A, 


THE  JUDICIAL  FUNCTIONS  OF  SURVEYORS, 

BY  JUSTICE  COO  LEV  OP  THE  MICHIGAN  SUPREME  COURT. 

I  When  a  man  has  had  a  training  in  one  of  the  exact  stlenccs,  where 
cry  problem  wuhin  its  purview  is  supposed  to  be  susceptible  of  accu- 
tc  solution,  he  is  likely  to  be  not  a  little  impatieiu  when  he  is  told  that* 
ider  some  circumstances*  he  must  recognize  inaccuracies,  and  govern 
k  action  by  facts  which  lead  him  away  from  the  results  which  theoreti- 
lly  he  ought  to  reach.  Observation  warrants  us  in  saying  that  this  re* 
fark  may  frequently  be  niiidc  of  stirveyors* 

'  In  the  StEite  of  Michigan  all  our  lands  are  supposed  to  have  been 
prveyed  once  or  mopi*  and  pentjaiiem  mor^iiments  tixed  to  determine 
k  boundaries  of  those  who  should  become  proprietors.  The  United 
Bles,  as  originiil  owner,  caused  them  all  to  be  surveyed  once  by  sworn 
peers,  and  as  the  plan  pf  subdivision  was  simple,  and  was  uniform  over 
large  extent  of  territor)^  there  should  have  been,  with  due  care,  few  or 
h  mistakes;  and  long  rows  of  monuments  should  have  been  perfect 
fcides  to  the  place  of  any  one  that  chanced  to  be  missing.  The  truth 
^fortunately  is  that  the  lines  were  \^ery  carelessly  run.  the  monuments 
iaccurately  placed  ;  and,  as  the  recorded  witnesses  to  these  were  many 
►nes  wanting  in  permanency,  it  is  often  the  case  that  when  the  monument 
^  not  correctly  placed  it  is  impossible  to  determine  by  the  record,  with 
le  aid  of  anything  on  the  ground,  where  it  was  located.  The  incorrect 
fcord  of  course  becomes  worse  than  useless  when  the  witnesses  it  refers 
f  have  disappeared. 

It  is,  perhaps,  generally  supposed  that  our  town  plats  were  more  ac- 
iiately  surveyed,  as  indeed  i hey  should  have  been,  for  in  general  there 
In  have  been  no  difficulty  in  making  them  sufficiently  perfect  for  all 
tactical  purposes.  Many  of  them,  however  were  laid  out  m  thewocads; 
^me  of  I  hem  hy  proprietors  themselves,  without  either  chain  or  com- 
bss»  and  some  by  im perfectly  trained  surveyors*  who,  when  land  was 
ficap,  did  not  appreciate  the  importance  of  having  correct  lines  to  deter- 
iinc  boundaries  when  land  should  become  dear.  The  fact  probably  is 
kat  town  surveys  are  quite  as  inaccurate  as  tliose  made  under  aulhotity 
t  the  general  government. 

'  It  is  now  upwards  of  fifty  years  since  a  major  pRrt  of  the  public  sur- 
^  in  what  is  now  the  State  of  Michigan  were  made  under  authority  of 


were  ftaiiay.  Dut  oiien  iney 
relied  upon  aficr  the  stake  was  gl 
careless  in  Jixing  their  lines  with] 
and  iin  irregular  bnish  fence,  or 
havL^  tjern  relied  upon  to  keep  in  I 
A  tire  running  through  this  might  ] 
stituted  in  its  place,  the  adjoinm^ 
found  disputing  o\^er  thdr  lines,  ail 
soon  as  they  had  occasion  to  cyltiv! 

If  tiow  the  disputing  parties  call  i 
one  summoned  would  doubt  or  qi 
possible,  the  place  of  the  original  stJ 
line  between  the  proprietors.  Howl 
original  survey ,  the  monuments  that! 
even  though  the  elTect  be  to  make  ol 
and  the  one  adjoining  but  seventy;  1 
buy  in  reference  to  those  monuments, 
their  lines,  and  no  more*  be  it  more  O 
ton's  Reports,  444  ;  Land  Co.  %\  Sau 
iiHghatn  v.  Parr,  93  ilL  Reports,  235 
poks.  408 :   IVitfSim  i'.  Jo/ds,  85  Penn 

While  the  witness  trees  remain  ih 
determining  the  locality  of  the  stal 
gone,  si>  f  fiat  there  is  no  longt-r  recon 
remarkable  how  many  there  are  wh< 
now  devolves  ujxm  the  survey<:»r.  It 
find  men  whose  theoretical  education 
who  think  that  when  the  manuments 
is  to  place  new  monuments  where  j 
where  thev  would  havejjfi 
take.    Th 
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^hirti.  Any  extinct  quarter-section  corner,  except  on  fractional  lines, 
be  re-establbhed  equidistant  and  In  a  ri|*ht  line  between  the  seit  it  in 
5fs;  ill    aU  other  ca?ies  at  its  proporLionate  distance  between  the 
\X  origin  ill  corners  on  the  same  line." 

ic  corners  thus  determined,  tiie  surveyors  are  required  to  pcrpetu* 
3f  noting  bearing  trees  when  timber  is  near. 

Wj  estiniiite  properly  this  le|fi»lation,  we  must  start  with  the  admit- 
ttid  unquestionable  fact  tiiat  each  purchaser  from  government  bought 
land  as   was   wiiliin    the   original  bynndariesi,  and  unquest.ion«ibly 
sd  it  up  to  the  time  when  the  nionumenis  became  extinct.     H  the 
iment  was  set  for  an  interior-section  corner,  but  did  not  happen  to 
at  the  intersectioti   of  two  right  hnes  joinitig   the  nearest  known 
5  on  the  original  section  lines  east  and  west  and  north  and  sr^tith 
"  it  nevertheless  determined  the  extent  of   his  possessions,  and  he 
ed  or  lost  according  'a%  the  mistake  did  or  did  ntit  favor  him. 
:  will  probably  be  admitted  that  no  man  loses  title  to  his  land  oran> 
thereof  merely  because  the  evidences  become  lost  or  unceitain4     It 
become  more  diffictjit  for  him  to  establish  it  as  against  an  adverse 
aanr,  but  theoretically  the  right  remciii>s;  and  it  remiiins  as  a  potcn- 
Tbci  so  long  as  he  can  present  U-t.er  evidence  than  any  other  (ierson. 
it  may  often  lia|j|>cn  thut.  notvviihitanding  the  loss  of  all  trace  of  a 
fcon  corner  or  quarter  stake*  there  will  still  be  evidence  from  which  any 
'-cyor  will  be  able  t^j  determine  with  almost  absolute  certainty  where 
Ortgmal  boundary  was  between  the  government  subdivisions. 
There  are  two  senses  in  which  the  word  extinct  may  be  used  in  this 
election :   one  the  sense  of   physical   disappeanincc ;    the  other   the 
wt  of  loss  of  all   reliable  evi til' nee.     If  the  statute  speaks  of  extinct 
Bicrs  in  the  former  sense*  it  is  plain  that  a  serious  mistake  was  made 
(apposing  that  surveyors  could  be  clothed  with  authority  to  establish 
corncTts  by  an  arbitrary  rule  in  such  cases.     As  well  might  the  st;it< 
^cclare  that  if  a  man  lose  his  deed  he  shall  lose  his  land  altogether, 
lit  if  by  extinct  corner  is  meant  one  in  respect  to  the  actual  location 
chali  reliable  evidence  is  lost,  then  the  following  remarks  are  per- 
il: 

There  would  undoubtedly  be  a  presumption  in  such  a  case  that 
corner  was  correctly  fixed  by  the  government  surveyor  where  the 
'  notes  indicated  it  to  be. 
b.  But  this  is  only  a  presumption*  and  tnay  be  overcome  by  any  satis- 
toty  evidence  showing  that  in  fact  it  was  placed  elsewhere, 
k  No  statute  can  confer  upon  u  county  surveyor  the  power  io*'estab- 
P*  corners,  and  thereby  bind  the  parties  concerned.  Nor  is  this  a 
Istion  merely  of  conflict  between  State  and  Federal  law;  it  is  a  ques- 
b  of  properly  right.  The  original  surveys  must  govern,  and  the  laws 
fcr  which  they  were  made  must  govern /ijeca use  the  land  was  bought 
jeference  to  them  ;  and  any  legislation,  u  iicther  State  or  Federal,  that 
Wld  have  the  effect  to  change  these,  would  be  inoperative,  because 
turbi  r)i^  vested  rights, 

%  In  any  case  of  disputed  lines*  unless  the  parties  concerned  settle 
i  contro^'ersy  by  agreement*  the  determination  of  it  is  necessarily  a 


le  I  a^rnJ  the  siirv^eyoJ 
e  lilies  were  then  iJ 
has  i^lways  accompanid 
as  evidence.  Unforttiu 
supposed  obedience  to  [ 
pat  ion  and  claim  of  titll 
and  litigation  by  assuni 
tht^  previous  occup;itiiil 
where  one  or  more  cornl 
have  acquiesced  in  UnJ 
oiber  corner  or  land  ma  r| 
but  to  bring  these  lines 
question  them  not  only  tl 
often  subject  the  surveytf 
since  in  a  legal  cont rover 
that  a  supposed  boyndrd 
wIktc  tli<*  real  line  shou 
mimumenis  have  disappe 
270 ;  Dkhi  vs.  danger,  ^t 
Mich.  He  pons,  492'  AtM 
can  conclude  parries  by  tt 
The  mischiefs  of  overli 
in  cities  and  villages.  In 
there  are  no  witness  trees 
have  been  put  in  their  pla 
The  streeis  arc  Hkcly  to  I 
block  w*ill  be  measured  of 
may  perhaps  be  known  in 
remaining  was  the  startln 
or  a  surveyor  seuhng  in 
po'mt  of  drparture  in  his 
ac;curiae.  he  will  ihen  un< 
and  distance 
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'e  laid  off  their  lots  in  reference  to  this  practical  location. 
»?ners  quancl,  :ind  one  of  them  calls  in  a  surveyor  thai  he  may 
at  his  tidghbor  e^hyiJ  not  get  an  inch  of  Umd  from  him.  This 
mdertakes  to  miikc  his  survey  ace u rate,  whether  the  original 
i|.  and  tlie  fir>t  rt^suh  is,  he  notifies  the  lot -owners  that  there  is 
le  street  line,  and  tliat  all  fences  should  be  moved*  say,  one  ftiot 
L  Perhaps  he  goes  on  to  drive  stakes  through  the  block  ac- 
>  this  conclusion.  Of  course,  if  he  is  rii^ht  in  doing^  this,  all 
le  village  will  be  unsettled  ;  l>ut  wc  will  limit  our  attentioft  to 
block.  It  is  not  likely  that  the  lot*owners  generally  will  hIIow 
jrvey  to  unsettle  their  possessions,  but  there  is  11 1  ways  a  prob- 
finding  some  one  disposed  to  do  so.  We  shall  then  have  a 
nd  with  what  result? 

cotnmon  error  ih;it  lines  do  not  become  fixed  by  acquiescence 
imc  ihan  twenty  years,  in  fact,  by  statute,  road  lines  may  be- 
clusively  fixed  in  ten  years;  and 'there  is  no  j ►articular  "time 
be  required  to  conclude  private  ownerji,  where  tt  appears  that 
accepted  a  particular  line  as  their  botjndary*  and  all  concerned 
ivated  and  claimed  up  to  iu  Mi\\\fffmra  vs.  Sea  ton,  82  Ilh  Rc- 
;  Bnn€e  t^s.  Bhiwtii,  43  MielL  Reyjorts,  542.  Public  |x>licy  re- 
It  such  lines  be  nt»t  lightly  disturbed,  or  dtsturhed  at  all  afier 
5f  any  considerable  time.  The  litigant,  therefore,  who  in  such 
IS  his  faith  on  the  surveyor,  is  likely  to  sulTcr  for  his  reliance, 
urveyor  himseU  to  be  riiortified  by  a  result  that  seems  to  im- 
judgment. 

irsc  nothing  in  what  has  been  said  can  require  a  surveyor  to 
is  own  judgment,  or  to  report  the  facts  one  way  when  he  bc- 
\\\  to  be  another.  He  has  tio  right  to  mislead,  and  be  may 
express  his  opinion  that  an  ori;4iual  monument  was  ^t  one 
?n  at  the  same  lime  he  is  satisfied  that  acquiescence  has  fixed 
of  parties  as  if  it  were  at  another.  But  he  would  do  mischief 
;  to  attempt  to  **  establish"  monvmients  which  he  knew  would 
isturb  settled  rights;  the  farthest  he  has  a  right  to  go,  as  an 
the  law,  is  10  express  his  opinion  where  the  monument  should 
same  lime  that  be  imp:irts  the  information  to  those  who  em- 
and  who  might  otherwise  be  misled,  that  the  sanje  authority 
»s  him  an  officer  and  entnists  him  to  make  surveys*  also  allows 
settle  their  own  boundary  lines,  and  considers  acquiescence  in 
ir  line  or  monument,  for  any  considerable  period,  ;is  strung,  if 
usive,  evidence  of  such  settlement.  The  peace  of  the  com- 
isolutely  requires  this  rule,  ^oyce  vs.  IVilitiims,  26  Mich.  Re- 
,  It  is  not  long  since  that,  in  one  of  the  leading  cities  of  the 
aitcmpl  was  uKide  to  move  houses  two  or  three  rocis  into  a 
the  ground  that  a  sur%'ey  under  which  the  street  had  been 
ir  many  years  had  been  found  on  more    recent  survey  to  be 

!he  foregoing  it  will  appear  that  the  duty  of  the  surveyor  where 
s  are  in  dispute  must  he  varied  by  the  circumstances,  t.  He 
b  for  original  monuments,  or  for  the  places  where  they  were 


of  the  original  monu men t*  aS 
veyor  on  the  other  hand  nmsiH 
incnce  to  the  acts  of  partiesH 
^rsi,  that  neither  his  upinioB 
parties  concerned  ;  scamif,  tlial 
low  after  the  surveyor  over  ttl 
desirable  that  he  govern  his  acl 
govern  theirs*  On  town  plan 
block*  when  the  actual  boundail 
and  there  is  no  evidence  to  fl 
rnarkt^d  the  division  into  lots  J 
that  the  surplus  or  delkiency  il 
an  aSvSumption  that  the  error  J 
O'Brien  i*s.  AfcGratu,  29  Wis.  I 
Mich.  Reports,  605.  I 

It  is  always  possible  when  Co 
usefully  act  as  a  mediator  betwt 
controversies  by  settling  doubtf* 
pose  an  arbitrator  by  legal  subtn 
consent  to  follow  his  judp:ment, 
comptrlled  to  do  so:  but  if  he  b 
ft  into  effect  by  actual iy  confor 
action  will  conclude  them.  Of 
ments  be  reduced  to  writing;  b 
they  arc  carried  into  effect  wit  In 

Mrttmitr  L/ms .—The  su b jec 
taken  up  with  some  reluctance, 
are  familiar.  Nevertheless  it  is  < 
theuu  or  err  in  their  applicatii 
somewhat  connecietl 


lyrts  have  held  ihai  this  was  the  rule  on  all  fresh-waier  streams*  large 
KI  small  others  have  held  to  the  doctrine  that  the  title  to  the  bed  of  the 
r<am  below  low -water  mark  is  in  the  Slate,  while  conceding  to  tlie 
rners  of  the  banks  all  riparian  rights.  The  practical  diilerence  is  not 
fry  important.  In  this  Statt^  the  rule  that  the  centre  line  h  the  bound* 
y  line  is  applied  to  all  tjur  great  rivers,  including  the  Deiroit,  varied 
tmewhat  by  the  circumstance  of  there  being  a  distinct  channel  for 
ivigation  in  some  cases  with  the  stream  in  the  main  shallow,  and  also 
imetimes  by  the  existence  of  islands. 

The  troublesome  que  St  ions  for  surveyors  present  themselves  when  the 
lUndary  line  between  two  contiguous  estates  is  to  be  continued  from  the 
Bander  line  to  the  centre  line  of  the  river.  Of  course  the  original  sur- 
f  supposes  that  each  purchaser  of  land  on  the  stream  has  a  water-front 

the  length  shown  by  the  lidd*notes:  and  it  is  presumable  that  he 
Night  this  particular  fand  because  of  that  fact.  In  many  cases  it  now 
ippens  that  the  meander  line  is  left  some  distance  from  the  shore  by 
e  gradual  change  of  course  of  the  stream  or  diminution  of  the  flow 
waier.  Now  the  dividing  line  between  two  government  subdivisions 
Ighl  strike  the  meander  line  at  right  angles,  or  obliquely;  and  in  some 
Ees»  if  it  were  continued  in  the  same  direction  to  the  centre  line  of  the 
rer,  might  cut  off  from  the  water  one  of  the  subdivisions  entirely,  or  at 
ist   cut  it  off  from  any  privilege  of  navigation,  or  other  valuable  use 

the  water*  while  the  other  might  have  a  water-front  much  greater 
an  the  length  of  a  line  crossing  it  at  right  angles  to  its  side  lines. 
le  effect  might  be  that,  of  two  government  subdivisions  of  equal  size 
d  cost,  one  would  be  of  very  great  value  as  water-front  property,  and 
c  other  comparatively  valueless.  A  rule  which  would  produce  this  re- 
It  would  not  be  just,  and  it  has  not  been  recognized  in  the  law. 

Neverthelejis  it  is  not  easy  to  determine  what  ought  to  be  thecorreCv 
le  for  every  case.  If  the  river  has  a  straight  couise,  or  one  nearly  so, 
cry  man's  equities  will  he  preserved  by  this  rule :  Extend  the  line  of 
riston  between  the  two  pHrcels  from  the  meander  line  to  the  centre  line 
the  river,  as  nearly  as  possible  at  rii^bt  angles  to  the  general  course  of 
e  river  m  that  pf>int.  This  will  preserve  to  each  man  the  water  front 
lich  the  field-notes  indicated,  except  as  cha^iges  in  the  water  nvAy  have 
ected  it.  and  the  only  inconvenience  will  be  that  the  division  Ime  be- 
een  different  subdivisions  is  likely  to  be  more  or  less  deflected  where  it 
"ikes  the  meander  line. 

This  is  the  legal  rule,  and  it  is  not  limited  to  government  surveys,  but 

gics  as  well  to  water  lots  which  appear  as  such  on  town  plats.  Baj 
Gns  Ugki  Co.  V.  TA^  fntiusiHai  Winks,  2S  Mich.  Reports.  182,  It 
ten  happens,  therefore,  thai  the  lines  of  city  lots  bounded  on  navigable 
■cams  are  deflected  as  they  strike  the  bank,  or  the  line  where  the  bank 
\%  when  the  town  was  first  laid  out. 

When  the  stream  is  very  crr«>ked.  and  esf>eciallv  if  there  are  short 
nds.  so  that  the  foregoing  rule  is  incapable  of  strict  ^tpplication^  it  is 
meiimcs  very  difhcult  to 'determine  what  shall  he  done;  and  in  many 
5es  the  surveyor  may  be  under  the  necessity  of  working  out  a  rule  for 
nself.    Of  course  his  action  cannot  be  conclusive;  but  if  he  adopts  one 


each  case  is*  bow  this  is  lol 
ceptibly  changes  Its  course,  1 

The  existence  uf  islands! 
a  buutiilary,  mil  not  affccn 
surveyed  out  as  govfrnmenil 
VVKerever  that  was  the  case  J 
of  the  strcani  on  each  sulci 
aho  cattend  above  and  bek 
peculiar  it  ics  of  the  bed  and  til 
a  government  subdivision  pri 
impossible  to  do  this  for  the  " 
the  reason  tliat  the  rights  uf  I 
when  making  that,  they  huvel 
ll)e  meaniler  lines,  not  M^parl 
s  1 1  ore  hi  l  h  e  go  v  c  r  n  m  e  n  l  sal  c 
their  purchase  wuulil  mi  Itide 
them*  It  h  In^lieved,  howevc 
nisEc  the  apphrahility  af  this  r 
unilinj^  the  j^reiU  lakes. 

On  all  the  liitlL'  lakes  of 
I  heir  mouths  of  the  rivers  pas; 
Fere  Marquette  and  Maiiisiee- 
judicially  applied  that  is  appi 
sion  lines  are  cJElended  under 
f^mn,  lo  Mich.»  ri5*    U  such 
verge  to  tlie  i  entrc  ;  if  oblong 
m^drlle  on  which  they  would 
relaiioii  ti>  that  of  the  shore, 
the  di vision  line  vcr>^  far  unde 
ject  to  thepub^ 
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^provrded  he  does  not  raise  ft  so  that  it  overflows  the  meander  lit^e, 
t^\  faci  is  that  the  meanrier  line  lias  nothing  to  do  with  such  a  case, 
n  acLlou  will  lie  whenever  he  sets  back  the  water  upon  the  piopric- 
>ove,  whether  the  overflow  tie  below  the  oleander  Irnes  or  iibove 

%  regards  ihe  lakes  and   poods  of  the   State,  one  may  easily  raise 
Ions  thiit  it  would  he  impossible  frir  him  la  suiile.     Let  us  suggest 
F questions,  some  of  which  i+re  easily  answered,  and  some  not  : 
*  To  whom  belongs  the  land  under  these  bodies  of  w;iter,  where  they 
pt  mere  expansions  of  a  stream  flowing  through  them? 
[  Wbat  public  rights  exist  in  ihetn  ? 

)  If  there  are  islands  m  them  which  were  not  surveyed  out  and  sold 
le  Uinted  States,  can  this  be  done  n<>w  ? 
lihers  will  be  suggested  bjf  the  answers  given  to  these. 
i  seems  obvious  that  the  rules  of  private  ownership  w*luch  are  applied 
ts  cannot  be  applied  to  the  great  lakes.  Perhaps  it  should  be  held 
he  boundary  is  at  low-water  mark,  but  improvements  bevond  this 
only  become  unlawful  wl?en  they  became  nuisitnces*  islands  in 
eat  lakes  would  belong  to  the  United  States  until  sold,  and  msghl 
veyed  and  measured  for  sale  at  any  timt^.  The  rti^ht  to  lake  li-sh  in 
kes,  or  to  cut  ice,  is  public  like  the  ri^ht  of  navip:aiion.  but  is  to  be 
ifd  in  such  manner  as  not  to  interfere  with  the  rij^hts  of  shore 
Bui  so  far  as  these  public  rights  can  be  the  subject  of  ow^nership, 
ngto  the  State,  not  to  the  United  Slates;  nnd,  so  it  -s  believed, 
he  bed  of  a  lake  also,  Poilarii  t^  /fitj^aff,  3  How.irds  U.  S,  He|)orts. 
lUch  rij^hts  are  not  generally  Cf>nsidered  proper  subjects  of  sale,  but, 
the  right  to  make  use  of  the  public  highways,  they  are  held  by  the 
t  in  trust  for  all  the  people. 

jfhat  is  said  of  ihe  large  lakes  may  perhaps  be  said  also  of  many  of 
fcterior  lakes  of  the  State;  such,  for  example, as  Houghton,  Higfrins, 
boy^an.  Hurt's,  MuJIel.  Whitmore,  and  manv  others.  But  there  are 
y  IfttSe  lakes  or  ponds  which  are  gradually  disappearing,  and  the 
i  pro  pri  etf )  rs  h  i  p  ad  van  ces  fitJ  ri  passu  as  t  b  e  w  a  le  rs  reced  e.  1  f  these 
any  considerable  size — say*  even  a  mile  across^ — there  may  be  ques- 
of  conflicting  rights  which  no  adjudication  hitherto  niadr  could 
Let  any  surveyor,  for  example*  lake  the  case  of  a  pond  of  irregu- 
m,  occupying  a  mile  square  or  more  of  territory,  and  undertake  to 
line  the:  rigius  of  the  shore  proprietors  to  its  bed  when  it  shall 
jy  disappear/and  he  will  find  he  is  In  the  midst  of  probU^ms  such  as 
jlbly  he  has  never  gra[ipled  with,  or  reflected  upon  liefore.  But  the 
*Fal  rules  for  the  extension  of  shore  lines,  which  have  already  been 
idown.  should  govern  such  cases,  or  at  least  should  serve  as  guides  in 
tsettlmeent,  jVt?M— Since  this  address  was  delivered  some  of  ihe5« 
kious  have  received  the  attention  of  the  Supreme  Court  of  Michigan 
b  cases  o*  kuhardson  %*,  Preniiss,  48  Mich,  Reports.  S8,  and  Backm 
firaif,  Albany  Law  Journal,  vol  26.  p,  42%. 

f  here  a  pond  is  so  small  as  to  be  included  within  the  Imes  of  a  pri- 
purch<Lse  from  the  governtneni,  n  is  not  believed  ihe  public  have  any 
;$  iti  it  whatever    VVhere  it  is  not  so  included,  it  is  believed  they  have 


I 


wouia  i>e  owner  r>njy  as  a  irj 
inconsistent  with  the  right « 
in  Lis  natural  condition  iti  cl 
might  be  made  sjdable  landsl 
even  for  this  puqx)sc,  a«k;ainjf 
rights  were  appropriated  ancJ 

Upon  n^any  questions  thii 
the  bed  uf  a  little  lake  and  tli| 
express  an  opinion  nov^^  and 

1  have  thus  indicated  afev 
now  and  then  have  occasion  i| 
aense  and  sound  jud^metH. 
oiBcerSp  but  in  n  great  m^nyl 
with  the  iicquiescence  of  [Kirtil 
to  know  by  what  rtjles  they  ar| 
judicial  functions.  What  I  h; 
enhghienmeiH,  but  I  trust  w|lj 
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lANUAL  OF  INSTRUCTIONS   FOR  THE  SURVEY  OF  THE 
MINERAL   LANDS   OP  THE   UNITED  STATES,' 


GENERAL    PROVISIONS- 

1.  Under  section  2334.  U.  S.  Rev.  Slats,  (sec  Appendix  B  hereof),  the 
United  States  Surveyor- General  *'  may  appoint  m  each  land  disitrict  con- 
taining mineral  Jand%  as  niaiy  competent  surveyors  as  shall  apply  for 
appointment  to  survey  mining  claims/* 

2.  Capable  parties  de&irmg  such  appointments  should  therefore  fik 
their  applications  with  the  Survey  or- General  for  the  district  wherein  ap- 
pointment is  asked,  who  will  furnish  nil  information  necessary. 

3.  Deputies  may  at  the  same  time  hold  commissions  in  more  than 
one  State  or  land  district.     (20  L.  D.,  163.) 

4.  All  appointments  of  deputy  mineral  surveyors  must  be  submitted 
lo  the  Commissioner  of  the  General  Land  Uflice  for  approval 

5.  The  Survey orfi- General  have  authority  to  suspend  or  revoke  the 
commissions*  of  their  deputy  mineral  surveyors  for  catise.  Before  final 
action,  however,  the  matter  should  be  submitted  to  the  Commissioner  of 
the  General  Land  Office  for  approval 

Deputies  will  be  allowed  the  right  of  appeal  from  the  action  of  the 
Survey  or- Gen  era  I  in  the  uj^ual  manner.  Such  appeal  should  be  filed  with 
the  Surveyor-General  who  will  at  once  transmit  the  same,  with  a  full 
report,  to  the  General  Land  Ofhce.    (20  L.  D.,  28,^,) 

6.  Neither  the  Surveyor-General  nur  the  Commissioner  of  the  General 
Land  Office  has  jurisdiciion  to  settle  differences,  relative  to  the  payment 
of  charges  for  fieldwork.  between  deputy  mineral  surveyors  and  claimants. 
These  are  matters  of  private  contract  and  must  be  enforced  in  the  ordinary 
manner,  i.e.,  in  the  local  courts. 

The  Department  has,  however,  authority  to  investigate  charges  affect- 
ing the  official  actions  of  deputy  mineral  sur\'eyors.  and  will  on  sufficient 
cause  shown,  sufvpend  or  revoke  absolutely  the  commission  of  the  deputy* 

7.  The  Surveyors-General  should  appoint  "'  as  many  '*  competent 
deputy  mineral  surveyors  as  apply  for  appointment,  in  order  that  claimants 
may  have  a  choice  of  deputies,  and  be  enabled  to  have  their  work  done 
on  the  most  advantajfeous  terms. 

8.  The  schedule  of  charges  for  office  work  should  be  as  low  as  is  pos- 
sible. No  additional  charges  should  be  made  for  orders  for  amended  sur- 
veys, unless  the  necessity  therefor  is  clearly  the  fault  of  the  claimant,  or 
considerable  additional  office  work  results  therefrom. 


*  Reprinted  in  full  frntn  ihr  official  pubUohtioa  inued  ia  1S95  by  the  Commts^matr  of  the 


*  RepTtnteti  in  lull  trntn  tnr  otnciai 
GeiueraJ  Land  Dmcc,  Wuhlagton,  DX. 
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aistenng  oMhs  to  the  parties  in  interest*  but  as  a  notary  puVUc  you 
dminisicr  ihe  uailis  to  your  assisianU  in  making  tlie  survey.  Qthcr- 
^'ou  must  havt  absoliUfly  nothing  to  do  with  the  case,  except  in  your 
il  capacity  *is  surveyor.  Vou  will  make  no  survey  of  a  mineral  claim 
uch  you  hohl  an  iniereM.  nor  wdl  you  employ  chain  men  interested 
in  in  any  manner.  (Fan  m\.  Mining  Circularp  December  lO,  1891 — 
appendix  B  hereof;  13  C.  L.  O.,  608.) 

thf:  fieldwork. 

The  survey  made  and  reported  must,  in  every  cai^e,  be  an  actual 
y  on  the  ground  in  hill  detail,  made  by  you  in  person  after  the  re- 

o£  the  order,  and  without  rciercncc  to  any  knowledge  you  may  have 
onsly  acrjurred  by  reason  of  having  made  the  location  survey  or 
wiac>  an<l  must  show  the  actual  facis  existing  at  the  time*  This  pre- 
s  you  from  calculating  the  connections  to  corners  of  the  public  sur- 
md  location  monuments*  or  an3^  other  lines  of  your  survey  through 

surveys  made  by  others,  unless  it  is  satisfactorily  shown  in  your  re- 
that  you  have  retraced  such  lines  and  found  them  to  be  correct.    (6 

\.  n^\  7  L.  a,  at/) 

lie  term  mnxy  in  these  instructions  applies  not  only  to  the  usual 
irork,  but  also  to  the  examinations  re(|uired  for  the  preparation  of 
affidavits  of  five  hundred  dollars  expenditure,  descriptive  reports  on 
ir  claims,  and  all  other  reports. 

SURVEY    AND    LOCATION, 

The  survey  of  a  mining  claim  may  consist  of  several  contiguous  Io- 
ns, but  such  survey  niustp  in  conformity  with  statutory  requirements, 
iguish  the  several  locations^  and  exhibit  the  boundaries  of  each.  (5 
K  199;  6  L.  D.,  8q8;) 

I.  The  survey  must  be  made  in  si  net  conformity  with,  or  be  embraced 
iM,  the  Imes  of  the  location  upon  which  the  order  is  based,  ll  the 
ly  and  location  are  identical,  that  fact  must  be  clearly  and  distinctly 
din  your  fic!d  notes.  If  not  identicak  a  bearing  and  distance  must  be 
I  from  each  established  corner  of  the  survey  to  the  corresponding 
tr  of  the  bcation.  and  the  location  corner  must  be  fully  described,  so 
It  can  be  identified.  The  lines  of  the  location,  as  found  upon  the 
nd,  must  be  laid  down  upon  the  preliminary  plat  in  such  a  manner 

contrast  and  show  their  relation  to  the  lines  of  survey.  {I  L,  D.,  581.) 
.  In  accordance  with  the  principle  that  courses  and  distances  must 
way  when  in  conflict  with  fixed  objects  nnd  Furtnuments.  you  will  not, 
r  any  circumstances,  chan^^e  ihe  corners  of  the  location  for  the  pur- 

of  making  them  conform  to  the  de^icnptJon  in  the  record.  If  the 
^cnce  fronci  the  location  be  slight,  it  may  he  explained  in  the  Jield 

The  act  of  Congress  of  May  10.  1872,  expressly  provides  I  hat  *  the 

ion  must  he  disiinciiy  marked  upon  the  p^round  so  that  its  bound- 
can  be  readily  traced.'  and  *  that  alE  records  of  mining  claims  here- 
made  shall  contain  the  nanie  or  names  of  the  Tocators,  the  date  of 
ocation,  and  such  a  description  of  the  chiim  or  claims  located,  by 
ence  to  some  natural  object  or  permanent  monument,  as  will  identify 
laim/  "  (Sec  2524,  U,  S.  R,  S.;  see  Appendix  B  herewith.) 


Should  the  survey  be  applied 
10.  1872,  or  under  seciion^  2jj2. 
thereof  you  will  he  governed  by  th 
order  for  survey. 

No  mining  claim  located  subs 
the  statutor}^  limit  in  width  on  i 
feet  in  length,  and  all  surveys 
thousand  feet,  and  the  error  must 
c^ei\  the  statutory  limits  and  in  ab 
is  held  to  be  tht*  centre  of  the  vein 
of  the  vein  should  be  marked  upo 

IXST 

la.  All  mineral  surveys  must  t 
3  solar  attachment,  by  which  the 
cntly  of  the  magnetic  needle,  and  a 
meridian.    The  variation  should  be 


THE   TRUl 

t2b.  The  true  course  of  at  least 
taincd  by  astronomical  observationi 
data  for  determining  the  same  and 
rived  at  must  be  given.  Or,  in  lieu 
connected  with  some  line  the  true 
established  beyond  question,  and  i: 
when  such  lines  exist,  it  is  desirabl 
as  a  proof  of  the  accuracy  of  stibse 
mining  the  true  meridian  sec  pages 
ing  Maniiab  1894.) 

CONNJ 

13.  Connect  comer  No.  t  of  ea 
by  course  and  distance  witli  nearest 
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t  of  the  township  plat  from  suspension,  the  position  of  the  claim  can 
howrt  on  the  plaL 

6)  A  niin^raJ  survey  must  not  be  returned  wiih  its  connection  made 
^  with  a  corner  of  the  pnblic  survey,  where  the  survey  of  the  town- 
\  withm  which  it  is  situated  is  under  suspension^  nor  connected  with  a 
eral  monument  alone,  when  situated  within  the  limits  of  a  township, 
regularity  and  correctness  of  the  survey  of  which  is  unquestioned. 
c)  In  making  an  official  survey  hereafter  you  will  establish  corner 
I  of  each  location  embraced  in  your  survey  at  the  end  nearest  the 
icr  of  the  public  survey  or  locating  monument,  unless  good  cause  is 
»n  for  its  being  placed  otherwise.  If  connections  are  given  to  both  a 
aer  of  the  public  survey  and  location  monument,  corners  Nos,  i  should 
>Iaced  at  the  end  nearest  the  corner  of  the  public  surv^^ey. 
E4.  When  a  boundary  line  of  a  claim  intersects  a  section  linc^  give 
rses  and  distances  from  poifit  ot  intersection  to  the  Government 
ners  at  each  end  of  the  half  mile  of  section  Unc  so  intersected. 

LOCATION    MONUMENTS. 

15-  In  case  your  survey  is  situated  in  a  district  where  there  are  no 
ners  of  the  public  survey  and  no  mununienis  within  the  prescribed 
its,  you  will  proceed  to  establish  a  mineral  monument,  in  the  location 
livhich  you  w^ill  exercise  the  greatest  care  to  insure  permanency  as  to 

and  construction. 
The  site,  when  practicable,  should  be  some  prominent  point,  visible 

a  long  distance  from  every  direction,  and  should  he  so  chosen  that 

permanency  of  the  monument  will  not  be  endangered  by  snow,  rock,  or 
d  slides,  or  other  natural  causes. 

16.  The  location  monument  should  consist  of  a  stone  not  less  than 
rty  inches  long,  twenty  inches  wide,  and  six  inches  thick,  set  halfway 
the  ground,  with  a  conical  mound  of  stone  four  feet  high  and  six  feet 
te  alongside.  The  letters  U,  S.  L*  M.,  followed  by  the  consecutive 
fliber  of  the  monument  in  the  district,  ttiust  be  plainly  chiselled  upon  the 
ne.  If  impracticable  to  obtain  a  stone  of  required  dimensions,  then  a 
It  eight  feet  long,  six  inches  square,  set  three  feet  tn  the  ground,  scribed 
for  a  stone  monument,  protected  by  a  well-built  conical  mound  of  stone 
not  less  than  three  feet  high  and  six  feet  base  around  it,  may  be  used. 
<e  exact  point  for  connection  must  be  indicated  on  the  monument  by  a 
iiiselled  thereon;  if  a  post  is  used,  theti  a  tack  must  be  driven  into  the 
n  to  indicate  the  point, 

X7-  From  the  monument,  connectiotts  by  course  and  distance  must  be 
:cn  to  two  or  three  bearing  trees  or  rocks,  and  tiD  any  well-known  and 
rtnanent  objects  in  the  vicinity,  such  as  the  confluence  of  streams, 
*minent  roeks,  buildings,  shafts,  or  mouths  of  adits.  Bearing  trees 
ist  be  property  scribed  B.T,,  and  bearing  rocks  chiselled  B.  R.,  together 
:h  the  number  of  the  location  monument;    the  exact  point  on  the  tree 

stcne  to  which  the  connection  ts  taken  should  be  indicated  by  a  cross 

other  untnistakable  mark.  Bearings  should  also  be  taken  to  promi- 
it  mountain  peaks,  and  the  approximate  distance  and  direction  ascer- 
ned  from  the  nearest  town  or  mining  camp,  A  detailed  dcscnption  of 
s  locating  monument,  with  a  topographical  map  of  its  location,  should 

furnished  ibis  office. 


• 


TTianniT,  and  the  corner  ani 
scribed  on  the  sides  facing! 
permanently  indicated  on  thi 
metisioiis  above  ground  mttf 
corner  poinL 

m.  I  n  case  ibe  point  for  I 
will  estublish  a  witness  corl 
W-  C  in  addition  to  the  corl 
should  be  located  upon  a  tinf 
true  eorncr,  with  which  it  tmi 
reason  why  it  »s  impossible  [ 
mnst  always  be  stated  in  the 
state  whether  yuu  ^tart  fromj 
comer 

21  The  identity  oF  ail  eornJ 
and  distances  to  bearmg  irccal 
the  establishment  of  location 
given,  Slate  "  no  bearings  avai 
whenever  possible. 

22.  n  an  official  survey  has 
the  vicinity,  you  wilt  run  a  c< 
and  connect  in  like  manner  v 
describe  corner  with  which  co 

23.  In  survey  of  cont»f?uou! 
claim,  where  corners  are  comi 
n  corner  is  common  to  difFcre 
will  be  taken  from  each  claiiti. 

24.  Note  carefully  aft  topoi 
tances  on  your  lines  to  inter 
ravines,  mtamtain  ridges,  j;oa 
and  other 
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our  attention  b  directed  to  paragraphs  50  and  51  of  General 
fice  circular^  dated  December  10,  1891,  as  amended  by  circular  of 
er  7*  1895: 

ic  rights  granted  to  locators  under  section  3 1^3.  Revised  Slatuies,  are  restricted  K^ 
Dins  oil  vt^tns,  lodest  or  ledges  u a  En^y  be  "liluatifd  on  ihc  fmhiic  domain.''  In  :tp> 
for  lode  c]atiti6  where  the  survey  ctrniflictn  with  a  prior  viLhd  lode  claim,  and  llie 
ronflict  is  excluded,  the  applicant  not  only  has  no  right  toihe excluded  ground,  but 
ight  10  thai  poriicn  of  any  vein  or  lode,  uir  top  or  apex  of  which  lies  within  such 
round,  utiles  hj»  location  was  prior  to  M«j^  10,  1617a.  His  right  to  the  lode  claimed 
where  the  lnde»  in  its  onward  courtc  or  strike.  inierKcts  the  exterior  boundary  of 
aed  ground  and  passes  within  ii.  The  end  line  of  his  survey  should  not.  Lherelore, 
?ed  beyond  such  inter»eirtion. 

here,  howtvrr,  tiic  lode  clsini  for  which  survey  i*  hejjig  niade,  was  localed  priar  to 
■ing  cEaim,  and  such  conflict  \%  to  he  excluded,  in  order  to  include  all  ground  not  so 
D^ecid  line  of  the  survty  may  be  estahlished  wtthm  the  conflicting  lode  clrtim.  but 
pt  be  %ct  run  aa  not  to  extend  any  further  into  ftuch  conflictinK  claim  than  may  be 
ipmake  such  end  Fine  parallel  to  the  other  end  line,  and  at  the  same  time  einbrace 
jrn^  held  and  claimed-  The  utM^Fess  practice  in  such  caseftot  extending  Ap/A  the  iiide 
^r^ey  into  the  confliciing  claitn,  and  e^rabhiihing  an  end  line  wholly  within  it^ 
■iot  necctiory  under  the  rule  jtisi  stated,  will  be  discontinued/' 

\  EXPLANATKJN. 

Bon  '*  A  *'  in  the  diagram  reprt?setits  a  location  for  which  survey 

M  for.     As  a  location   it  conflicts   with  location  '*  B,"  and  the 

r©f  **  A  '*  lays  no  claim  to  the  conflicting  area.     In  accordance 

\  definttton  of  locators*  rights  ufi- 

I^Jja*   U.    S.    K.   S.,   as   given   in 

m  50  of  said  circular  of   Decern- 

\^\,  if  location  '"  B  ''  was  a  valid 

listing  locatiott  at  the  time  location 

IS  made*  the  locator  of    "A  '*  has 

ito  extend  the  survey  of  his  claim 
;he  poinl  where  his  lode  in  its 
course  intersects  the  location 
1  in  5t3ch  case  the  end  lines  of 
icy  should  be  rtjn  through  stich 
I  intersection,  as  represented  by 
r  *'  b  '*  on  diagram. 
Pis  more  desirable,  however,  the 
d  line  may  be  the  side  line  of  *'  B  '* 
le  side  lines  of  "  A  '*  as  represented 

'*y/'   with   which  the   north   end 
t  be  made  parallel, 
circular  applies  also  to  contiguous 
I  belonging  to  one  owner  and  sur- 
\  a  single  claim. 

I  the  contrary,  when  locaRon  *'  A  " 
de    the    location    "  B  '*    was    not 

and  there  was  no  other  conflict, 
idonnient  of  the  conflict  with  the 
ration,  ""  B/'  brings  the  case  within 
>h  St  of  said  circular- 
lustra  te:  '*  A  "  is  the  first  and  valid 
\  afterward  the  "  B "  location  is 
tnd     for    reasons    satisfactory    to 

!  ground  in  conflict  is  relinquished  to  "  B,"  yet  the  claimant  of 
ims  all  the  land  outside  of  the  conflict  included  in  his  location. 


entcd  mill  site,  placer,  or  as 
which  contains  the  di&coverj 

2Q.  The  exterior  lines  of 
over  other  claims  and  ihc  cd 
il  being  the  surface  ground! 
downward,  for  which  applicl 
deline  the  boundaries  of  the  f 

jo.  If,  by  reason  of  intci 
should  be  divided  into  separc^ 
of  numbers  for  the  corners 
numbers  for  the  corners  of 
the  detached  portions  as  Tracl 
distance  a  corner  of  each  tra 
scribed*  The  provisions  of  lY 
of  mill  sites. 

LODE 

3t*  A  lode  and  mill  site  eb 
the  letters  A  and  B  foltowin| 
of  the  mill  site  will  be  numberc 
ner  No.  i  of  the  mill  site  mu 
claim  as  well  as  with  a  corner 
tion  monument. 

f; 

J2.  In  order  that  the  results 
form  manner,  you  will  prcpar 
strict  conformity  with  the  spec 
part  of  these  instructions.  The; 
information  concerning  the  ma 
connections,  intersections,  cor 
variation,  area,  location,  and 
mineral  claims,  and  contain  for 
his  assistants. 

33.  When  a  placer  cjg' 


APPENDIX  B. 


6SI 


ey»  the  survey  number  must  be  gtveD,  foHowed  by  the  name  of  the 
fcocation.     Describe  your  corners  once  only, 

35.  The  total  area  of  each  location  iti  a  claim  embraced  by  its  exterior 
boundaritSt  and  also  the  area  in  conHict  with  each  intersecting  siirvey  or 
laim,  should  be  stated;  also  the  total  area  claimed.  Bat  when  locations 
of  the  survey  conflict  with  each  other,  ,such  court  lets  should  only  be  stated 
connection  with  the  location  from  Mfhich  the  conflicting  area  is  ex- 
titidcd. 

j6.  You  will  state  particularly  whether  the  claim  is  upon  surveyed  or 

Wiisur\'eyed  public  lands,  giving  in  the  former  case  the  quarter  section, 

ownship*  and  range  in  which  it  is  located,  and  in  the  latter,  the  township, 

\%  near  as  can  be  determined.   When  upon  surveyed  lands  the  section  lines 

should  be  indicated  by  full  lines  and  the  quarter-section  lines  by  dotted 

Hues. 

17.  The  title  page  must  contain  the  post-ofhce  address  of  the  claimant 
or  nis  authorized  agent. 

EXPENDITURE    OF    FIVE    HUNDRED    DOLLARS. 

jS,  In  making  out  your  certificate  of  the  value  of  the  improvements, 
you  will  follow  the  form  prtscribcd  in  the  specimen  field  notes. 

39.  Only  actual  expenditures  and  mining  improvements  made  by  the 
rlaimant  or  his  grantors,  having  a  direct  relation  to  the  development  of 
the  claim,  can  be  included  in  your  estimate.  *'  Labor  or  improvements 
within  the  meaning  of  the  statute  are  deemed  to  have  been  had  on  a 
mining  claim*  whether  it  consists  of  one  location  or  several,  when  the 
bbor  is  performed  or  the  improvements  are  made  for  its  development, 

^hit  is,  to  facilitate  the  extraction  of  the  metals  it  may  contain/'   (6  L.  D.^ 

40.  The  expenditures  required  may  be  made  from  the  surface  or  in 
Ttinning  a  tunnel  drifts,  or  cross-cuts,  for  the  develnpmcnt  of  the  claim. 
Iinprovements  of  any  other  character,  such  as  buildings,  machinery,  or 
roadways,  must  be  excluded  from  your  estimate  unless  yuu  show  clearly 
that  they  are  associated  with  actual  excavaUons.  such  as  cuts,  tunnels, 
shaft Sf  etc.,  and  are  essential  to  the  practical  development  of  the  surveyed 
claim. 

41.  You  will  locate  all  nunlnie;  and  other  improvements  upon  the  claim 
by  courses  and  distances  from  corners  of  the  survey,  or  from  points  on 
;4he  centre  or  side  lines,  specifyiuj^  with  particularity  and  detail  the  dimeit 
;Stofis  and  character  of  each,  and  the  improvements  upon  each  location^ 
rshould  be  numbered  consecutively,  the  point  of  discovery  being  always' 
Ko.  I. 

42.  Yon  will  give  in  detail  the  value  of  each  mining  improvement  in- 
cluded in  your  estimate  of  expenditure,  and  when  a  tunnel  or  other  im- 
provement has  been  made  for  the  development  of  other  claims  in  con- 
^fiection  with  the  one  for  which  survey  is  made,  you  must  give  the  name, 
ownership,  and  stirvey  nurnber,  if  any.  of  each  claim  to  which  a  portion 
t>r  interest  is  crediteib  and  the  value  of  the  portion  or  interest  credited  to 
the  claim.    The  value  of  improvements  made  upan  other  locations,  or  by 

former  locator  who  has  abandoned  his  claim,  cannot  be  included  in 
your  esiin»ale,  but  slmuld  be  described  and  located  in  your  notes  and  plat. 

43.  In  case  of  a  lode  and  mill-site  claim  in  the  same  survey,  an  expendi- 
ture of  five  hundred  dollars  must  be  shown  upon  the  lode  claim  only. 


do  not  equal  that  sum*  with  fl 
manner  such  iinprovenienCs  ■ 
L.  D.,  394  )  I 

The  explanatory  statcmenH 
rotes,  or  affidavit,  at  ihe  coB 
meuts  included  in  the  estimal 
exphcit  as  ihe  facts  in  ihe  col 
menis,  conditions,  and  circunfl 
of  making  the  survt-y  or  exatl 
ble  or  what  the  claimants  ma  J 

45.  Following  your  certifiJ 
improvements  made  by  the  clJ 
Those  made  by  orher  parties,  I 
will  he  given  in  a  separate  deJ 

46.  H  the  vakie  cf  the  labo 
is  less  than  five  hundred  dollJ 
ized  to  file  your  aftidavit  of  fiv 
If  the  affidavit  is  made  subseqi 
be  shown,  if  practicable,  when 
ijiation  on  which  to  base  this  a 
makes  the  actual  survey  from  i 

PREl 

47.  You  will  file  with  your  i 
you  for  that  purpose,  protrad 
inchp  if  practicable,  in  conforr 
preparing  plats  make  the  lap  ! 
by  double  meridian  distances, 
must  also  be  furnished.  The  h 
on  all  plats  of  af^prm'ed  survey 

•with  conflicting  clajmii. 


"^^^tiail  all  discrepancies  with  the  original  survey,  and  submit  any  explana- 
^^«>n  be  may  have  to  offer  as  to  the  cause.  If,  on  the  contrary^  he  ?ihould 
J'^pdri  his  survey  correct,  a  joint  survey  will  be  ordered  to  settle  the  dif- 
*^^r^nces  with  the  surveyor  who  reported  the  error/ 

JOINT    SURVEY. 

50.  A  joint  survey  must  be  made  within  ten  days  after  the  date  of 
^r<3ert  unless  satisfactory  reasons  are  submitted,  lander  oath,  for  a  post- 
ponement. 

51.  The  field  work  must  in  every  sense  of  the  term  be  a  joini  and  not 
^  separate  survey,  and  the  observations  and  measurements  taken  with  the 
*ame  instrument  and  chain,  previously  tested  and  agreed  upon. 

SZ  The  deputy  surveyor  found  in  error  on  if  both  are  in  error,  the 
<iuv^  who  reported  the  same  will  make  out  the  field  notes  of  the  joint  sur- 
vey, w^hich,  alter  being  duly  signed  and  sworn  to  by  both  parties,  must 
l>e  transmitted  to  the  Surveyor-Generars  ofticc.  The  surveyor  found  in 
error  will  be  required  to  pay  all  expenses  of  the  joint  survey  and  ten 
dollars  per  day  to  the  surveyor  whose  work  is  found  to  be  substantially 
correct,  and  either  deputy  sball  have  the  right  to  require  the  other  to 
deposit  the  estimated  amount  of  this  expense  with  the  Surveyor-GeneraJ 
before  the  joint  work  is  begun. 

AMENDED    SURVEYS, 

55.  Inasmuch  as  amended  surveys  are  ordered  only  by  special  in^ 
flructjons  from  the  General  Land  Oftice.  and  the  conditions  and  circum- 
stances peculiar  to  each  separate  case,  atid  the  object  sought  by  the  re- 
qtiircd  amendment,  alone  govern  all  special  matters  relative  to  the  man- 
ner of  making  such  survey  and  the  form  and  subject-matter  to  be  em- 
braced in  the  field  notes  thereof,  but  few  general  rules  applicable  to  all 
rases  can  be  lard  down. 

54.  The  amended  survey  must  be  made  in  strict  conformity  with,  or 
be  embraced  within,  the  lines  of  the  original  survey.  If  the  amended  and 
original  surveys  are  identical,  that  fact  must  be  clearly  and  distinctly 
stated  in  your  field  notes>     If  not  identical  a  bearing  and  distance  must 

•  The  follrfwinf;  circuUr  recently  issued  (i!?9rj)  by  the  Hon.  CommisAfonpr  of  the  Gcficral 
l^and  Office  ha^  *<'jmewJi;it  cb^ih^ett  ihe  ptacnceof  rcporiing  out  surveys  in  error: 

**  When  a  mininB^  claim  h;is  been  surTeyed  and  patented!  in  accordafice  iTierewilh,  the  laad 
^6fteribed  therein  isdiapMed  o|;  and  so  iong  a^  the  patent  fa  outstarKfini;  ".he  jurisdiction  of 
wSie  Peparlment  rn  regard  to  that  particular  tract  is  terminated.  Jt  Iherefore  fnllowi  ihat 
l^nii  thus  paleTiterl  cannra  be  profrfrly  includrd  in  a  subseqiiefit  patent,  mertly  because  yean 
-aiftervrards^a  deputy  mifitral  surveyor  in  makm^r^  nub^iequent  survey  reports  to  have  found 
the  iru*  cornet*  of  the  okt  nurvcy  in  occupy  a  different  position  from  that  reported  in  the 
«urvc!r  which  was  the  basift  UiT  patent  of  the  old  cU^ito.  Aad  the  aame  ihlnfr  is  true  as  to 
^Tefihotfed  di^repanciewaa  to  the  lenpth  and  courses  ^(  lines  of  prior  spprofcd  iurveva. 

'*  Where  auLh  4  «tate  of  things  actually  exists  the  owner  of  the  new  claim  apnlie'd  fnr,  who 
^**ire»  to  toclude  an  area  in  his  claim,  conveyed  in  a  fjattnt  of  an  older  claim,  which  ma  a 
wnatter  of  fact  is  not  embraced  in  titae  Ihies  of  ihe  old  claim  as  stajced  upon  the  fr round,  ihould 
^ro<:yre  llie  surrenderor  the  old  patent  by  the  pmper  nicthfKl,  ihrouifh  Lh«  coiirtft  if  neccs- 
^ry,  and  ibetj  show  in  a  new  patent  of  the  old  claim  its  true  position  ai  staked  and  thui 
^Klijiiinate  from  the  p^^tent  the  areas  desired  not  in  Cfjfifliti.'* 

A»  a  result  of  the  above  circular  the  deputy  when  he  finds  a  prior  approved  survey  in 
terror  cannot  report  it  out,  but  tnuHt  (jiv*  a  tie  tn  the  position  of  the  corn*;rs  as  they  appear 
Ijy  the  record*  of  the  Surveyor  General's  Office  and  not  »%  ihey  actual Iv  are  on  the  ground. 
At  pr^tcnt  the  practice  is  to  calculate  tie«  to  prior  t>fficial  surveys  through  the  KCtion  corner 
c^^nnections. 

Th»  ruling  seenis  to  a  certain  ejttent  to  be  a  violation  of  the  c^ld  established  principle  that 
^*  monumeQtJi  hold  over  descriptioDiu" 


I 
I 


56.  By  General  Land  OflfB 
63  (sec  Appendix  B  hereof ).■ 
of  ;ill  placer  claims  at  ihe  tr« 
descriptive  report,  in  which  ■ 

la)  The?  quality  and  corojB 
of  timber,  and  other  vcgeiaiiJ 

{b)  The  hats  and  sijte  of  si 
upon  the  surface  of  the  claiml 

(f)  The  character  and  extJ 
whether  placer  or  lode,  for  mil 
as  required  by  section  4t.       I 

id)  The  proximity  of  centi 

(e!  The  proximity  of  wclll 

dividual  lodes.  | 

if)  The  use  or  adaptability 

water  has  been  brought  upon  il 

whether  it  can  be  procured  for 

(g)  What  works  or  expenc 
his  grantors  for  the  developn 
location  with  respect  to  the  sa" 

(h)  The  true  situation  of  : 
sites,  which  come  to  your  kn^ 
claim,  as  the  facts  may  warrai 

(»)  Said  report  must  be  m 
one  or  more  disinterested  pers 

57.  Descriptive  reports  on 
are  authorised  only  by  special 
the  claim  in  addition  to  the  lo 


58,  The  practice  of  employt 
in  interest,  as  assistants  in  ma 
allowed.  ^^^^^m 
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qnirement^  And  rcg:ulatiofis  in  force  as  to  making  mineral  surveys.  If 
found  incompetent  as  a  surveyor,  careless  in  the  discharge  of  your  duties. 
or  guilty  of  a  violation  of  said  regulations,  your  appointment  will  be 
prompiiy  revoked. 

APPLICATION   TO    UNITED   STATES    SURVEYOR-GENERAL 

FOR  SURVEY   OF    MINING   CLAIM. 

(4-689) 

Denver,  Colo.,  January  2$,  1893. 
UNITED  States  Surveyor-general, 

Demrr,  Colorado. 

Sir:  T.  E.  Jenkins  et  oL,  claimants,  hereby  make  application  for  an 
official  survey,  under  the  provisions  of  Chapter  Six,  Title  Thirty-two, 
of  the  Revised  Statutes  of  the  United  States,  and  regulations  and  in- 
structions thereunder,  of  the  mining  claim  known  as  the  Cumro  Placer 
and  Poorman,  Hawie3^  ^^tna,  and  Podunk  lodes  and  the  Poorman  mill 
site,  situate  in  Pike*s  Peak  Mining  District,  El  Paso  County,  Colorado, 
in  Sections  17,  19,  and  20,  Township  No.  14  S.,  Range  Ko.  6g  W,    Said 

claim   is  based  upon  valid  locations  made  on  various  dates,   18 ,  and 

duly  recorded  on  various  dates,  18 ,  and  is  fully  described  in  the  duly 

certified  copies  of  the  record  of  the  location  certificates  filed  herewith. 
Said  certificates  contain  the  name  oF  the  locators,  the  dates  of  location, 
and  such  a  definite  description  of  the  claim  by  reference  to  natural  ob- 
jects or  permanent  monuments  as  w^ilJ  identify  the  claim,  and  said  loca- 
tions have  been  distinctly  marked  by  monuments  on  the  ground,  so  that 
their  boundaries  can  be  readily  traced. 

I  request  that  you  will  send  me  an  estimate  of  the  amount  reqtiired 
to  defray  the  estpen^^es  of  platting  and  other  work  in  your  office,  re- 
quired under  the  regulations,  that  1  may  make  proper  deposit  therefon 
and  that  thereupon  you  will  cause  the  survey  to  be  made  by  A.  L. 
Hawley,  United  States  deputy  mineral  surveyor,  and  proper  action  to  be 
taken  thereon  by  yoitr  office,  as  required  by  the  United  Slates  mining 
laws  and  regulations  thereunder, 

T.   E.  Jei^tkins, 
For  himself  and  co-claimants. 

P,  O,  address:    Denver, 

Arapahoe  County,  Colorado, 

(4-682.) 

ORDER    FOR    MINERAL   SURVEY, 

Department  of  the  Interior, 
Office  of  U.  S,  Subveyor-General, 

Denver,  Colo.,  Ff^*ary  6,  iSqs, 
To  A.  L,  Hawley, 

U.  S.  Deputy  Mineral  Surveyor, 

Dinzrr,  Colorado. 

Sir:  Application  has  been  filed  in  this  office  by  T.  E.  Jenkins  ft  al, 
dated  January  2$,  iSg.i  for  an  official  survey  of  the  mining  claim  of  T.  E, 
Jenkins  et  al,  known  as  the  Cumro  Placer  and  Poorman,  Hawley,  ^tna, 
and  Podunk  lodes  and  Poorman  mill  site,  situate  in  Pike's  Peak  Mining 
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660. 


x8a.3 


84.5 


67.9 


SURVEY  8000  A, 

CUMRO   PLACER. 
TRACT  A. 

Beginning  at  Cor.  No.  i. 

Identical  with  the  SW.  Cor.  of  the  location  and  with  the 
SW.  Cor.  of  sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  Principal 
Meridian. 

A  pine  post,  4^  ft.  long,  4  ins.  square,  set  2  ft.  in  the  ground, 
with  mound  of  stone,  alongside  the  section  corner,  scribed 
1-8000  A,  whence 

A  spruce,  17  iYis.  diam.,  bears  N.  8*  41'  W.  7  ft.,  and  a  spruce, 
14  ins.  diam.,  bears  S.  68"*  14',  £.  18.5  ft.,  each  blazed  and 
scribed  B.  T.  1-8000  A. 

James  Peak  bears  N.  52*  21'  W. 

Hahns  Peak  bears  N.  29**  28'  W. 


Thence  North. 
Va.  14°  22'  E. 
To  Cor.  No.  2. 

Identical  with  a  corner  of  the  location. 
A  pine  post,  4V2  ft.  long,  4  ins.  square,  set  18  ins.  in  the 
ground,  with  mound  of  earth  and  stone,  scribed  2-8000  A, 
whence 

A  spruce,  18  ins.  diam.,  blazed  and  scribed  B.  T.  2-8000  A, 
bears  S.  14"*  47',  E.  17.3  ft. 


Thence  N.  89**  50'  E. 
Va.  14"  28'  E. 
To  Cor.  No.  3. 
On  line  1-2  Hawley  lode  of  this  survey, 
A  cedar  post,  5  ft.  long,  4  ins.  square,  set  2  ft.  in  the  ground, 
with  mound  of  earth,  scribed  3—8000  A,  whence 
A  corner  of  the  location  bears  N.  89°  50'  E.  1 126.7  ^t. 


Thence  S.  3"*  48'  E. 
Va.  14°  28'  E. 
To  Cor.  No.  4. 

A  pine  post,  45^  ft.  long,  4  ins.  square,  set  2  ft.  in  the  ground, 
with  mound  of  stone,  scribed  4-1-8000  A,  whence 

A  pine,  14  ins.  diam.,  bears  S.  21°  47',  E.  14.3  ft.,  and  a 
spruce,  II  ins.  diam.,  bears  N.  14**  52'  E.  6  ft,  each  blazed  and 
scribed  B.  T.  4-1-8000  A. 

Thence  N.  86"  12'  E. 
Va.  14**  28'  E. 
To  Cor.  No.  5. 
On  line  1-2  Poorman  lode  of  this  survey. 
A  Cottonwood  post,  5  ft.  long,  4  ins.  square,  set  2  ft.  in  the 
ground,  with  mound  of  stone,  scribed  5-3ooo  A. 


6s8 


SUMrEYIXC. 


Fkst* 


S»4i 
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416J 


555^44 


tio. 


13>9^43 


TWace  S.  17'  #'  W. 
\^  M^  J6^  ^ 
To  Cor.  No-  6. 

A  pine  po^  4^^  £l  1od|p  4  >ii&  s^ove*  set  2  {l  Im  ike 
wiib  monad  ol  eanli.  scribed  6-l-Sooo  A,  wbeaee 
A  Ugb  Mt.  Ixars  K,  jr  14'  E> 


Theoce  S.  41°  M*  £• 
Viu  14"  ja'  E- 
To  Ccw.  Nol  7, 

A  ffrantte  bowlder,  27  x  O  jc  g  insw,  set  16  ins,  in  tbe  freni 
dibdfled  7-6^3000  A. 

Tfarficc  N.  17'  jS*  E. 
V3L  14^  30'  H. 
To  Cor  No.  a 

On  tine  4^t  Hawlcj  Jod«  of  this  warv^. 
A  pine  post  4"/i  ft.  long,  5  ins.  square,  set  2  ft  is  tlic  grorad 
scribed  8-8000  A. 


Thence  N.  86^  it'  E, 
Va,  14-  38'  E. 
To  Cor,  No.  g. 

On  line  3-^  Podunk  lode  of  this  survey. 
A  grranite  stone,  26  x  j6x6  ms.,  set  tS  ins.  in  the  grosai 
with  mound  ot  stone*  chiselled  9-8000  A- 


Thence  S,  41"  14'  E. 
Va.  14'  38'  E. 
To  Cor.  No,  10. 

On  line  4^1  Sur.  No.  7000,  Ajax  lode,  claimanl  unknowit 
A  pine  post,  4I  ft.  long,  4  ins.  square*  set    18  ins.  in  tie 
ground,  with  tnound  of  earth,  scribed  10^-8000  A. 

Thence  S.  7"  45'  W. 
Va.  14^  25'  R 

To  Cor.  No.  II. 

On  line  4-1  Sur.  No.  7000.  Ajax  ]ou^,  at  N*  75*  45'  E^  ti^n 
ft,  from  Cor.  No.  4, 

A  pine  post.  5  t.  long,  4  ins,  square,  set  i  ft,  in  the  grounA 
with  nicjund  of  earth  and  stone,  scribed  n^^Sooo  A,  whence 

A  coUonwood  post.  8  ins-  diann,  blazed  and  scribed  S*  T. 
11-8000  A,  bears  N.  33**  27'  W.  5  ft- 

Thence  S.  89^  50'  W, 
Va,  14^  25^  E. 
To  Cor.  No*  I,  the  place  of  beginning. 

THACT   B. 

Beginning  at  Cor.  No.   12. 

At  intersection  of  lines  3^,  Mins.  lode  of  this  survey,  »*« 
Altec  lode,  unsurveyed.  Joh^  Doe,  claimant. 
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A  spruce  post,  45^  ft.  long,  4  ins.  square,  set  18  ins.  in  the 
ground,  scribed  12-8000  A,  whence 

A  pine  stump,  18  ins.  diam.,  3  ft.  high,  blazed  and  scribed 
B.  S.  i2-«ooo  A,  bears  N.  89**  11'  E.  9.4  ft. 


Thence  S.  41°  14'  E. 
Va.  14**  30'  E. 
To  Cor.  No.  13. 

A  sandstone,  36  x  20  x  4  ins.,  set  16  ins.  in  the  ground  with 
mound  of  stone,  chiselled  13—3-8000  A. 


Thence  S.  48°  46'  W. 

Va.  14°  30'  E. 

Cor.  Nos.  2,  iEtna  and  Podunk  lodes  of  this  survey,  a  point  in 

Cumro  Creek,  4  ft.  wide,  flows  west. 
To  Cor.  No.  14. 

A  rock  in  place  6x4x2  ft.  above  the  general  surface, 
chiselled  cross  (x)  at  comer  point  and  14-W.  C.  2-2-8000  A, 
whence 

Cor.  No.  II,  Tract  A,  of  this  survey,  bears  S.  89°  50'  W.  539 
ft. 


Thence  N.  89**  50'  E. 
Va.  14'  30'  E. 
To  Cor.  No.  15. 

Identical  with  the  S.  J4  Cor.  of  said  Sec.  17,  and  with  the 
SE.  Cor.  of  the  location. 

A  granite  stone,  12  x  10  x  6  ins.  above  the  ground,  chisel!e«l 
15-8000  A. 


Thence  North. 
Va.  14°  30'  E. 
Cumro  Creek,  4  ft.  wide,  flows  S.  65**  W. 
To  Cor.  No.  16. 

On  line  3-4,  Aztec  lode,  unsurveyed,  at  S.  72*  43'  W.  115.6 
ft.  from  Cor.  No.  3. 

A  spruce  post,  45^2  ft.  long.  4  ins.  square,  set  6  ins.  in  the 
ground  to  bed  rock,  with  mound  of  earth  and  stone,  scribed 
16-8000  A. 


Thence  S.  72°  43'  W. 
Va.  14°  28'  E. 
To  Cor.  No.  12,  the  place  of  beginning. 


TRACT  c. 
Beginning  at  Cor.  No.  17. 

On  line  1-2,  Aztec  lode,  unsurveyed,  at  S.  72**  43'  W.  22.26 
ft.  from  Cor.  No.  2. 

A  pine  post,  A^Vi  ft.  long,  4  ins.  square,  set  12  ins.  in  the 
ground  to  bed  rock,  with  mound  of  stone,  scribed  17—8000  A, 
whence 

Cor.  No.  16,  Tract  B,  of  this  survey,  bears  S.  314.2  ft. 


530.        ToCor.  No.  19 

ff  9"  ^'"^  ^3,  Sur. 

ft.  from  Cor.  No.  2 

u.    ^''an^te  stone, 

chiseJIed  ic^-5oo5,  w 

'     A  corner  of  the  Jc 

«^4.43JToCor.  No.  20. 

chiselled  20-^000  A 
,,.     ^^^^  f^)  and  B 

•47.72   To  Cor.  No.  17,  the  p 

Tr^^^^'  containing.. 

I  iract  C,  containing... 

Total  area  Cumro 

I  ^  T?'""^."^,  at  Cor.  No. 
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Thence  N.  48**  46'  E. 
To  Cor.  No.  3. 

A  pine  post,  5  ft.  long,  4  ins.  square,  set  22  ins.  in  the  ground, 
to  bed  rock,  scribed  j-8000  A. 


Thence  S.  41°  14'  E. 
To  Cor.  No.  4. 

A  cedar  post,  4J/2  ft.  long,  5  ins.  square,  set  18  ins.  in  the 
ground,  scribed  4-4-8000  A,  whence 

Cor.  No.   I  Sur.  No.  7000,  Ajax  lode,  bears  N.  72**  22'  E. 
422.6  ft. 


Thence  S.  48^  46'  W. 
Cor.  Nos.  I  yEtna  and  Podunk  lodes  of  this  survey. 
To  Cor.  No.  5. 

A  cedar  stump,  3  ft.  high,  hewed  to  4  ins.  square,  surrounded 
by  mound  of  stone,  scribed  5-^4-8000  A,  whence 

A  cross  (x)  and  B.  R.  5-4-8000  chiselled  on  a  porphyry 
stone,  showing  9x6x4  ft.  above  the  ground,  bears  N.  75°  14' 
E.  Z2.7  ft. 


Thence  S.  17°  38'  W. 
Intersect  line  2—3  Hawley  lode  of  this  survey. 
Cor.  No.  8  Cumro  placer  and  intersect  line  4-1  Hawley  lode, 

both  of  this  survey. 
To  Cor.  No.  6. 

Identical  with  Cor.  No.  7  Cumro  placer  of  this  survey. 


Thence  N.  41°  14'  W. 
To  Cor.  No.   I,  the  place  of  beginning. 

HAWLEY   LODE. 

Beginning  at  Cor.  No.  i. 

Identical  with  Cor.  No.  i  of  the  location  and  with  Cor.  No. 
4  Cumro  placer  of  this  survey,  whence 

The  SW.  Cor.  Sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M. 
bears  S.  18°  4'  W.  606.1  ft. 

Cor.  No.  I  Poorman  lode  of  this  survey  bears  S.  i**  41'  W. 
227.6  ft. 


Thence  N.  3**  48'  W. 
Va.  I4".28'E. 
Cor.  No.  3  Cumro  placer  of  this  survey. 
To  Cor.  No.  2. 

A   sandstone,    30  x  12  x  2    ins.,    set    14   ins.    in    the    ground, 
chiselled  2-8000  A,  whence 
Cor.  No.  4  of  the  location  bears  N.  45**  W.  28.5  ft. 

Thence  N.  86''  12'  E. 
Va.  14^  25'  E. 
Intersect  line  1-2  Poorman  lode  of  this  survey. 
Intersect  line  5-6  Poorman  lode  of  this  survey. 


I  37S.4  ft. 


150. 

150.6 

300. 


Intersect  line  4-1  < 
^  676  ft.  from  Cor  ' 
intersect  line  1-.2' 

1  o  Cor.  No.  4. 
I      A  pine  post,  4H 

ground,  scribed  4^ 
'     Cor.  No.  4  of  the  1 


30.8 

108.3 
206. 

458.4 

875.2 

1197.5 
1264.7 


Intersect  line  4-.1  Si 
^  829.1  ft.  from  Cor 
intersect  lines  i»2  A 
Intersect  Jine  1-2  Azl 
n.  from  Cor.  No.  i 

both  of  this  survey. 
^?,^-^^8CumropIa 

both  of  this  survey, 
^^^'^.^o  5  cumro  pla 

both  of  this  survey. 
To  Cor.  No.  I,  the  pi; 


beginning  at  Cor.  No 
On  hne  4-5  Poorma 
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Feet. 
666.1 
766.9 

969.5 
1164.7 
1500. 


300. 

397.33 

596.43 
725.6 

994. 
1500. 

300. 


288.3 
641.2 

666.1 
766.9 

969.5 


Intersect  line  4-1  Hawley  lode  of  this  survey. 

Intersect  line  4^1  Sur.  No.  7000.  Ajax  lode,  at  S.  7*  45'  W. 

910.9  ft.  from  Cor.  No.  i. 
Intersect  line  3-4  Aztec  lode,  unsurveyed,  at  N.  72*  43'  E.  22^.^ 

ft.  from  Cor.  No.  4. 
Intersect  line  2-3  Sur.  No.  7000,  Ajax  lode,  at  N.  7°  45'  E. 

328.2  ft.  from  Cor.  No.  3. 
To  Cor.  No.  2. 

On  line  13—14  Cumro  placer  of  this  survey. 

Not  set,  as  it  falls  in  the  centre  of  Cumro  Creek,  where  per- 
manent corner  could  not  be  established,  whence 

Witness  comer  to  Cor.  No.  2,  identical  with  Cor.  No.  14 
Cumro  placer  of  this  survey,  bears  S.  48°  a6'  W.  30.7  ft. 
Cor.  No.  3  Sur.   No.  7000,  Ajax  lode,  bears  S.  74°  38'  W. 

275.2  ft. 


Thence  N.  48**  46'  E. 
To  Cor.  No.  3. 

Identical  with  Cor.  No.  13  Cumro  I'acer  of  this  survey. 

Thence  N.  41"  14'  W. 
Cor.  No.   12  Cumro  placer  of  this  survey  and  intersect  line 

3-4  Aztec  lode,  unsurveyed,  at  N.  'J2''  43'  E.  564.6  ft.  from 

Cor.  No.  4. 
Intersect  line  2-3  Sur.  No.  7000,  Ajax  lode,  at  N.  7°  45'  E.  725.8 

ft.  from  Cor.  No.  3. 
Intersect  line  1-2  Aztec  lode,  unsurveyed,  at  N.  72°  43'  E.  431.3 

ft.  from  Cor.  No.  i. 
Intersect  line  4-1  Sur.  No.  7000,  Ajax  lode,  at  S.  7°  45'  W. 

513.2  ft.  from  Cor.  No.  i. 
To  Cor.  No.  4. 

Identical  with  Cor.  No.  4  Poorman  lode  of  this  survey. 


Thence  S.  48"  46'  W. 
To  Cor.  1^0.  I,  the  place  of  beginning. 

PODUNK   LODE. 

Beginning  at  Cor.  No.  i. 
Identical  with  Cor.  No.  i  i^tna  lode  of  this  survey,  whence 
Cor.  No.  2  of  the  location  bears  N.  48°  46'  E.  22  ft. 
The  SW.  Cor.  Sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M., 

bears  S.  38**  2'  W.  1465  ft. 


Thence  S.  41°  14'  E. 
Intersect  line  2-3  Hawley  lode  of  this  survey. 
Intersect  line  1-2  Aztec  lode,  unsurveyed,  at  N.  T2''  43'  E.  103. i 

ft.  from  Cor.  No.  i. 
Intersect  line  4-1  Hawley  lode  of  this  survey. 
Intersect  line  4-1  Sur.  No.  7000,  Ajax  lode,  at  S.  7°  45'  W. 

910.9  ft.  from  Cor.  No.  i. 
Intersect  line  3-4  Aztec  lode,  unsurveyed,  at  N.  ^2^  43'  E. 

236.3  ft.  from  Cor.  No.  4. 


Sai^VEV/NG. 


Fekt. 
I 164. 7 


30.7 


350* 


378. 


37^ 
491*3 


1424s 

1500. 


373^ 


Ititersect  line  2-^3  Sur-  No.  7000,  Ajax  lode,  at  K,  7*  4?  ^^  | 

^2^.2  ft  from  Cor.  No.  3. 
To  Cor.  No.  2. 

In  Ciimro  creek. 

Identical  with  Cor.  No.  2  «^itna  lode  of  this  survey,  wheact  , 

Con  No.  3  of  the  location  bears  N.  48*  46'  E.  m  fL 


Thence  S.  48''  4^'  W. 
Witness  corner  to  Cor.  No.  2. 

Identical  with  witness  corner  to  Con  No.  2  Mvnz  hit,id\ 
with  Cor.  No.  14  Cumro  placer,  both  of  this  siirvty. 
WitTies^s  cortier  to  Cor  No.  3. 

A  granite  stone,  30  x  20  x  4  ms,,  set  14  ins,  m  the  gfc-^ i 
with  mound  of  stone,  chiselled  W.  C.  3-8000  A.  whencir 

A  cedar  stump.  14  ins.  diam,.  2  ft,  high,  blazed  and  tcnk^ 
B.  S.  W.  C  j-^ooo  A.  bears  N.  7'  5^'  W.  8.4  ft. 

Pikers  Peak  bears  N.  5**  K 
To  Cor.  No,  3. 

On  face  of  inaccessible  granite  cliff. 

Identical  vvith  Cor.  4  of  the  location. 


Thence  N,  41*  14'  W, 
Cnmro  creek,  4  ft.  wide,  course  S.  80"^  W. 
Intersect  line  3^4  Sur.  No.  7000,  Ajax  lode,  at  N.  8j*  il  ^^ 

46.3  ft*  from  Cor.  No.  3. 
Cor.  No.  10  Cumro  placer  of  this  survey  and  intersect  line  i-^ 
Sur.  No.  7000,  Ajax  lode,  at  N.  7*"  45'  E.  220,7  '*■  ^^^^ 

No.  4 
Cor.  No.  g  Cumro  placer  and  intersect  line  4^1  Hawlcy  1 

both  of  this  survey. 
Intersect  line  3-3  Hawley  lode  of  this  survey. 
To  Cor.  No.  4- 

Identical  with  Cor.  No.  5  Poor  man  lode  of  this  survt}'  ib^] 
with  Cor.  No.  1  of  the  location. 


Thence  N.  48°  46'  E. 
To  Cor.  No.  !,  the  place  of  beginning. 


Variation  at  all  corners  of  the  Poorman,  j^tna,  and  Podiu 
lodes,  14^*  30'  E. 


AREA, 

Total  area   Hawley   lode....... *.,*.,..,,  8.710  if fi*'] 

Area  in  conflict  with 

Ponrman  lode  of  this  survey..,**,.....*.. ..,  ^.ja»    * 

Sur.  No.  7000.  Ajax  lode ................ ,*...,  .OSJ    *" 

Altec  lode,  unsurvcyed  .,...-,.,, *..*..,,....  j  17    ** 

Aztec  lode,  un surveyed  (exclusive  of  its  convict  with 

Sur.  7000,  Ajax  lode) „       ,c:ilO    "* 

Total  area  Hawley  lode. .  * .**....,.....* 8.710  us^ 


APPENDIX  B.  665 

«ess  area  in  conflict  with 

Poorman  lode  of  this  survey 2.220  acres. 

Sur.  No.  7000,  Ajax  lode 053     " 

Aztec  lode,  unsurveyed 089     "    =  2.362  acres. 

Net  area  Hawley  lode 6.348  acres. 

area  ^tna  lode 10.331  acres. 

rea  in  conflict  with 

Hawley  lode  of  this  survey 1.537     " 

Sur.  No.  7000,  Ajax  lode 2.738     " 

Sur.  No.  7000,  Ajax  lode  (exclusive  of  its  conflict 

with  Hawley  lode  of  this  survey) 2.167     " 

Aztec  lode,  unsurveyed 2.261      " 

Aztec   lode,   unsurveyed    (exclusive   of   its   conflict 

with  Hawley  lode  of  this  survey) 2.167     " 

Aztec   lode,   unsurveyed    (exclusive   of   its   conflict 

with  Sur.  No.  7000,  Ajax  lode) 484     " 

Aztec  lode,  unsurveyed  (exclusive  of  its  conflict 
with  Hawley  lode  of  this  survey  and  Sur.   No. 

7000,  Ajax  lode) 418     " 

area  iEtna  lode 10.331  acres. 

ess  area  in  conflict  with 

Hawley  lode  of  this  survey 1.537  acres. 

Sur.  No.  7000,  Ajax  lode 2.685     ** 

Aztec  lode,  unsurveyed 418     "    =  4,640     " 

Net  area  iEtna  lode 5.691  acres. 

area  Podunk  lode 9.573  acres. 

.rea  in  conflict  with 

Hawley  lode  of  this  survey 2.41 1      " 

Sur.  No.  7000,  Ajax  lode 2.526     " 

Aztec  lode,  unsurveyed 1.169     " 

.    Aztec  lode,  unsurveyed  (exclusive  of  its  conflict  with 

Hawley  lode  of  this  survey) 1.147      " 

Aztec  lode,  unsurveyed  (exclusive  of  its  conflict  with 

Sur.  No.  7000,  Ajax  lode) 811      " 

Aztec  lode,  unsurveyed  (exclusive  of  its  conflict  with 
Hawley  lode  of  this  survey  and  Sur.  No.  7000, 
Ajax  lode)  789     " 

area  Podunk  lode 9-573  acres. 

,ess  area  in  conflict  with 

Hawley  lode  of  this  survey 2.41 1  acres. 

Sur.  No.  7000,  Ajax  lode 2.516     " 

Aztec  lode,  unsurveyed 789     **     =  5.716     " 

fet  area  Podunk  lode 3857  acres. 

et  area  Hawley  lode 6.348     " 

et  area  ^^tna  lode 5.691      " 

otal  and  net  area  Poorman  lode 10.331     " 

Net  area  Jode  cisLim :^.2n  ^c^^^. 


y 
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The  discovery  cut  of  the  Podiank  lode,  the  face  of  which  bears  from 
[>r.  No.  4  S.  88*  15'  E,  205.2  ft.,  5  ft,  wide,  10  ft,  face,  rumiing  N.  50^ 
,    24  ft.  in  earth  and  rock.  Vahic,  |no. 

The  incline  discovery  shaft  of  the  .^Ina  lode,  the  mouth   of  which 

on  the  ccTiire  hne  75  it*  from  the  centre  of  line  4^1*  4?4x6  ft.,  24  ft. 

^p  in  rock,  tinnbered,  course  S^  48"*,  dip.  60^*  VaJue,  $250. 

The  last  120  ft.  of  a  tunnel  the  moulh  of  which  bears  from  Cor  No-  6. 
ziorman  lode,  N,  6?"  48'  E.  58J  ft.,  5x6  ft.,  running  N,  10^  44'  W,  515  ft. 

breast.  The  point  of  discovery  of  the  Hawley  lode  is  in  thi«  tunnel 
S  ft,  from  the  mouth,  and  bears  from  Cor  No.  i  N.  75°  5^'  E-  702.5  ft. 

Value  of  last  120  ft.,  |2,30t>. 

This  tunnel  ts  in  course  of  construction  for  the  development  of  this 
ft^im  and  Surs.  Nos,  6582  and  6583,  Hoy  and  Raymond  lodes,  claimants 
iknown.  An  undivided  half  interest  in  the  first  375  ft^  of  this  tunnel  has 
?«n  credited  to  each  of  the  last  two  mentioned  surveys.  _ 

A  shaft  on  the  centre  line  of  the  Hawley  lode  672  ft.  from  the  centre 

line  r-2,  3^4  x6  ft-,  20  ft.  deep  in  earth  and  rock,  timbered,  at  the  hot- 
tin  of  which  is  a  drift  4x6  ft.  running  N,  86"  E.  18  ft. 

Value  of  shaft  and  drift,  $300. 

The  surface  embraced  by  this  claim  ascends  rapidly  from  the  mouth 
■  the  tunnel  towards  Cor.  No.  3  of  the  Poorman  lode,  the  northerly  ends 
f  the  Poorman,  ^tna,  and  Fodunk  lodes  being  from  300  to  500  ft.  higher 
I  an  the  mouth  of  the  tunnel.  The  veins  of  tlie  yl£tna  and  Podunk  lodes 
tl)  about  (jo°  to  the  SW.  The  tunnel,  described  and  included  in  the  esti- 
Late  of  expenditure,  continued  in  its  present  course^  will  cut  the  veins  of 
le  several  locations  at  great  depth,  whereby  by  one  system  of  workings 
Id  one  plant  of  machinery  the  entire  claim  can  be  most  advantageously 
*d  economically  developed. 

OTHER   IMPROVEMENTS. 

A  shaft  which  bears  from  Cor.  No.  20  Cumro  placer,  S.  48"  30'  W. 
>5  ft.,  3x5  ft.,  12  ft.  deep  in  earth  and  gravel;    A.  K,  Smith,  claimant. 

A  log  cabin,  the  W.  corner  of  which  bears  from  Cor.  No.  13  Cumro 
facer,  S.  40°  E.  120  ft,,  12  x  16  ft.,  course  of  long  sides  N.  44*"  E. 

A  log  cabin,  the  NW,  Cor,  of  which  bears  from  Cor.  No.  3  Sur.  No, 
!30o  B,  Poorman  mill  site.  S.  lo**  40'  E.  107  ft.,  16  ft.  square,  course  of 
dcs  S,  3°  E.    Said  cabins  belong  to  claimants  herein, 

y  INSTRUMENT, 

This  survey  was  made  with  a  Gurley  Light  Mountain  Transit.  The 
courses  were  deflected  from  the  true  meridian  as  determined  by  direct 
Islar  observations.  The  distances  were  measured  with  so-ft,  and  500-ft. 
;ccl  tapes. 

Note, — The  disagreements  between  these  field  notes  and  the  location 
fcrtificates  of  the  Hawley  and  .-Etna  lodes  and  the  Poomian  mill  site, 
^ith  regard  to  the  position  of  the  discovery  point  and  the  course  of  the 
oundary  lines,  are  due  to  errors  in  the  latter. 

Note. — Neither  E.  E.  Ames  nor  myself,  who  appear  as  locators  of 
ic  Hawley  lode,  held  any  interest,  directly  or  indirectly,  in  this  claim 
t  the  time  of  making  the  survey,  having  sold  our  interests  in  ^ne,  1890. 
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SUMVMYING. 


FINAL   OATHS   FOR   SURVEYS, 

LIST  OF  NAMES, 

A    list    of    the    names    ol    the    individuak    employed    by A. 

Hawle)^., .  .p  United  Sutcs  deputy  mineral  surveyor,  to  assist  iii  nam  ^ 
measuring  and  markint^  the  lines,  uorruTs*  and  boundaries  dcscnboi! 
ihe  foregoing  field  noles  of  the  survey  of  the  mniing  claim  nf,,*Xl 

Jenkins  cl  al known  a&  the. » .  .Cumro  placer  and  Poormaa.  lUvIq 

-ICtna,  and  Podunk  lotles,  and  Poorman  mill  site, ,.,,  and  s.t] owing  then' 
speciivc  capacities  in  which  they  acted: 


Chm 

E.  E.  Ames  . .» . ,  Ck 

G,  W,  Trommlitz 


FIKAL  OATHS  OF  ASSISTANTS. 

We, E.   E.   Ames and._,a    W.   Trommlitr.,*..   do  sola 

swear  that  we  assisted, ..  .A.  L.  Hawley.,.*»  United  Stales  deputj 
eral  svirveyor,  in  marking  the  corners  and  surveying  ihe  boufuknes  1 
the  ininmg  claim  oL,..T.  E.  Jenkins  ct  <i/...,,.*known  as  the,,,Xiii 
placer  and  Poor  man.  Hawley,  ^tna.  and  Podunk  lodes,  and  Poon 

mill  site represented  in  the  foregoing  field  notes  as  having  be cc  rt 

veyed  by  said  deputy  mineral  surveyor  and  under  his  direction:  t^^i 
said  survey  has  been  in  all  respects,  to  the  best  of  our  knowfdgf  J 
belief,   faithfully  and  correctly  executed,  and  the  corner  and 
monnments  established  according  to  law  and  the  instnictions 
by  the  United  States  Survey  or*  Gen  eral  for Colorado 

.,..,. .•.»,..  a 

E.  E.  Ames, ffc 

**.-G,  W-  TROMiiLtn. *,,,  .iff"*' 
,  ■»--.... .,^..,...,.Fkpii^ 

Subscribed  and  sworn  to  by  the  above-named  persons  before  swi« 

p.* -13th day  of. ,,, February.. .  .^  l8g3. 

[sealJ  A.  L,   Hawley,...,*, 

Notary  FMk *, , 

...,., El  Paso  County,  C^ffmt. 
My  commission  expires  July  28th,  1896. 

(4-686.) 
FINAL    OATH    OF    UNITED    STATES    DEPUTY    MLVSlUj 

SURVEYOR. 

L    .i..A,    L.    Hawley....,    United    States   deputy    miners' 
do  solemnly  swear  that,  in  pursuance  of  instructions  recetv 

United  States  Surveyor-General  for., .  .Colorado dated 

6th.  i8gj 1  have,  in  strict  conformity  to  the  laws  of  the  I 

the  official  regulations  and  Instructions  therennder.  and  the 

of  said  Surveyor-General,  faithfully  and  correctly  executed  the  sun^ 

the  Mining  Claim  of,,,  ,T*  E.  Jenkins  ei  oi.,.,..  known  is  the..-'^ 
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!er  and  Poorman,  Hawley,  j^tna,  and  Podunk  lodej*.  and  Poorman 

I  site ,  situate  in Pikc'sFeak. . . .  Miiimg   District..,,.   El   Paso 

Xounty...*.  Colorado,,..,  in  Sections  17*  19,  and  20***.,  Township 
t4  S...  .Range  No 69  W.  of  the  6th  P.  M and  desig- 
ned as  Survey  No 8000  A  and  B,,.,,  as  represented  in  the  forc- 
ing field  notes,  which  accurately  show  the  boundaries  of  said  mining 
bi  as  distinctly  marked  by  monuments  on  the  ground^  and  described 
the  attached  copy  of  each  location  ceniEcate,  which  was  received  by 
\  from  the  Surveyor-General  with  said  instructions,  and  that  ail  the 
mers  of  said  survey  have  been  established  and  perpetuated  in  strict 
:ordance  w*Jth  the  law,  ofiicial  regulations  and  instructions  thereunder; 
d  J  do  further  solemnly  swear  that  the  foregoing  are  the  true  and 
iginal  field  notes  of  said  survey  and  my  report  therein,  and  tliat  the 
►or  expended  and  improvements  made  upon  said  rnining  claim  by 
imants  or. .  ..their... .  grantors  are  as  therein  fully  stated,  and  that 
E  character,  extent,  location,  and  itemized  value  thereof  are  specified 
trein  with  particularity  and  ful!  detail*  and  that  no  portion  of  said 
ipr  or  improvements  so  credited  to  ihis  claim  has  been  included  in  the 
hnatc  of  expenditures  upon  any  other  claim, 

A,  L.  Hawlkv 

United  Stales  Dcf^uty  Mineral  Sun^eyor. 
Subscribed  and  sworn  to  by  the  said.... A,   L.   Hawley....,   United 

ites  deputy  mineral  surveyor,  before  me a  Justice  of  the  Peace  in 

i  for  El  Paso  County,  Colorado..*.,  this. ..  .20th*  ^ .  *day  of.  ..*Feb- 


I 


1893- 


Xeo, 


K.    KlMBALT, 

Justice  of  the  Ffocc, 


LOCATION    CERTIFICATE— PLACER   CLAIM. 


Know  all  men  tjv  these  presents,  That  I.  T.  E.  Jenkins,  the  un 
signed  citizen  of  the  United  States,  resident  of  the  County  of  Arapahoe 
1  State  of  Colorado,  having  complied  with  the  provisions  of  Chap- 
6,  Title  XXX IT,  of  the  Revised  Statutes  of  the  United  States,  and 
h  local  customs,  laws,  and  regulations,  claim  by  right  of  discovery  and 
ation,  as  a  placer  claim,  the  following-described  premises,  situate,  lying 
1  being  in  Pike's  Peak  mining  district,  County  of  El  Paso,  and  State  of 
lorado,  to  w^it: 

The  SE.  3/4  of  the  SW.  %,  and  the  S.  H  of  the  SW.  %  of  the  SW. 
of  Sec,  17,  T.  14  S.,  R.  ^  W.  of  ihe  6th  P.  M.    To  be  known  as  the 
MRO  Placer, 
Located  May   1st,  1892. 
pate  of  certificate,  June  4th,  1892. 

T.  E.  Jenktks. 


» 


LOCATION   CERTIFICATE— LODE   CLAIM. 


n 


n 


4 

fin-  ^ 


^TE   OF   CoLOBAtiO,  ) 

tniy  of,. El  Paso..,  \ 

KKOW    ALL    MEN    BY    THESE    PRESENTS,    That....O.     F.     ShattUCk. , .  * . 

undersigned,  has  this 4th.,. , day  of May,...,  1892,  located  and 

imed,  and  by  these  presents  does  locate  and  claim,  by  right  of  dis- 
and  location,  in  compliance  with  the  mining  acts  of  Congresi, 


5.  'hence  S.^i'-  '« 
^'-  •"  ^-  No.  f  £ 

Xr' --■«"•* ;,:: 

AMENDED    lqc 
State  op  r„,  ^' 

Ames.        Th    "^^-^  »*•  Ti 
amended",'"^  ""•'•''•s'ffn. 

9uent  act,  ^."i  *?*«  of  C 
al  owed  bM*  ,"*'"  «''en 


I 
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-  Cor*  No,  2,  thence  N.  87*"  E.  1500  ft.  lo  Cor.  No,  3,  thence  S.  f  48' 
Ido  ft.  to  Cor  No.  4.  thence  S.  8;-  W.  1500  ft  to  Cor  No.  1,  the  place 

bgmnitig This  being  the  same  lode  originally  located  on  the.-,* 

fc .  „  day  of  -  * .  *  September  *  *  * , »  1886,  and  recorded  on  the . , . ,  I2th 

tof December..,,,  r886,  in  Book,,.. 4 Page.... 48 .,  in  the 

fc  of  the  Recorder  of,  .,,Et  Paso  w, ,  County,  This  further  and 
rided  certificate  of  location  is  made  withmit  waiver  of  any  previously 
Ired  rights,  but  for  the  purpose  of  correcting  any  errors  in  the  original 
Jon,  description,  or  record , , , , -  - . 


lode    was    discovered    the,,,,iarth.,,. 

0f.,,.Sepl,.,,   ...,  A.D.  iaS6. 

Attcsi:..,. . .   

of  amended  location.,. »,. May.,,  401 

..,  A,D.  lass, 

of  amended  certificate*  * , » , .  July  i4tli 
.  .,»  A.D.  1B8S, 


.A.  L.  Ha*l»¥. 
,*,E.  B.  Ames... 


SRAL,' 
BCAL.' 


1 


LOCATION    CERTIFICATE^LODE   CLAIM. 
OF  Colorado,  : 


*ay  ef..Ei  Paso..,  \^^' 

Ckow  all  .men  by  these  preseitts.  That,*, -Grant  Safely the 

fersigned.   has   this.,  ..4th.  .*  .day   of June 1892,   located   and 

aied  and  by  these  presents  does  locale  and  clami,  by  right  of  dis- 
fcty  and  location,  in  compliance  with  the  mining  acts  of  Congress, 
N>ved  May  10,  1S72,  and  all  subsequent  acts,  and  with  local  customs, 

and    regulations 1500    linear    feel    and    horizontal    tncasurc- 

its  on  the,,,  ,j^tna,. .  .lode,  vein,  ledge,  or  deposit,  along  the  vein 
eof,  with  all  its  dtps,  angles,  and  variations,  as  allowed  by  law,  to- 

icr  with , ...  150 feet    on   the southwesterly side,   and , . , ,  1 50 

feet  on  the northeasterly side  of  the  middle  of  said  vein  at  the 

&ce-  so  far  as  can  he  determined  from  present  developments;  and  all 
IS,  lodes,  ledges,  or  deposits  and  surface  ground  within  the  lines  of 

claim. , .  .75 feet  running.  - , .  N.   40 *"    W from   centre   of  dis- 

fefy , , .  .cut and  1425, , , , feet  running  S.  40°   E from  centre  of 

ovcry,...cut.,,. ;  said  disco  very..,,  cut. ..,  being  situate  upon  said  lode 

i»  ledge,  or  dep^osit,  and  within  the  lines  of  said  claim  in Pike*s 

k,,,, Mining  District,  County  of..., El  Paso....,  and  State  of  Colo- 
K  described  by  metes  and  bounds  as  follows,  to  wit: 

beginning  at  Corner  No.  t whence  SW.  Cor.  Sec.  17,  T.  15  S,,  R, 

V,  bears  S.  ,l8*  2'  E,  1465  ft,,  thence  S.  40°  E..  J 500  ft,  to  Cor.  No,  2, 
ice  N,  50'  E.  300  ft.  to  Cor,  No.  j,  thence  N,  40°  W.  1500  ft.  to  Cor. 
4^  thence  S,  50'  W.  300  ft,  to  Con  No.  i,  the  place  of  beginning,..,.^ 


Me  ^aa  discOTcred  tm  cl]«^,,,ttt  ,** 
■  uf . . , .  May . .  -  - 1  A .  D,  iSg*, 

of  S:w:atioti.,.,,.Jutt«   4th  ,.,A.D, 


of  cenific»cc, .. , .  Jyly  6th  , , 


,A,D. 


.^GiuitT  Sapel¥  . 


6p 


SURVMYiNC. 


ADDITIONAL    AND    AMENDED    LOCATION    CERTIFia 

Law  of  1889. 
State  of  Colorado,  / 
County  of  ..El  Faso,.,  \^^* 

Know  all  men  uy  these  presents.  That.,.  John  H.  Rouit. 

iitidersigncdp  has  this,  * .  .4UU  , ,  ,clay  of May,..,.    1801^  aincnM 

catecl  and  claimed,  and  by  these  prei?ems  docs  amend,  locate,  anddl 
by  right  of  the  anginal  discovery  and  this  additional  and  amended  1( 
tion  certificate,  in  compfiance  with  the  miningr  acts  of  Gongrcsi.  ipprj 
May  TO,  T873,  and  all  subsequent  acts,  and  with  section  2409  o^  ^i>«  ^ 
eral  Statutes  of  Colorado,  and  with  local  customs,  laws,  and  repti* 

*,..I500 linear  feet  and  horizontal  measurement   on  the.,..Pd 

..*  Jode,  vein,  ledge,  or  deposit,  a(ong  the  vein  thereof,  with  alt  its  I 

angles,  and  variations,  as  allowed  by  law,  together  with \^..-M 

each  side  of  the  middle  of  said  vein  at  the  surface,  so  far  a^  can  bedl 
mined  from  present  developments,  and  all  veins,  lodes,  ledges,  or  depi 
and  surface  ground  within  the  lines  of  said  claim,,.  .140,  ..J€^  nin| 
,.,.N.  41"*  14'  W.....from  centre  of  discovery, .  ..cut,*,  .and.,..  tjCfl 

feet  running. , .  ,S.  41°  14'  E from  centre  of  discovery. . ,  .cut. 

discovery...  .cut.,.  *being  situate  upon  said  lode,  vein,  ledge,  «r  dcf 

and  within  the  lines  of  said  claim  in Pike's  Peak, ..  .Mining  Dil 

County  of El  Paso. . . .,  and  State  of  Colorado,  described  by  nicui 

bounds  as  follows,  to  wit: 

Beginning  at  Cor.  No.  i,...  whence  the  SVV.  Cor.  Sec.  17.  T.  I 
R.  6g  W.  bears  S.  38"  2'  W,  1465  ft,  thence  S,  41^  14'  E,  1500  ft.  t« 
No,  2,  thence  S.  4B*  46'  W.  300  ft,  to  Cor,  No.  j,  thence  N.  41*  M 
1500  ft,  to  Cor,  No.  4,  thence  K.  48*  46'  E,  300  ft.  to  Cor.  No.t.  the 

of  beginning- , This  being  the  same  lode  originally  locate 

the. . .  .6th. . .  ,day  of April .....  1888,  and  recorded  on  the  —  i4*l 

day  of June 1888,  in  Book 3 ,  Page 48, ..,,  inthe 

of  the  Recorder  of. ...El  Paso, .,, County,  This  further  additionsl 
amended  certificate  of  location  n  made  without  waiver  of  any  P«^i 
aL'qtiired  rights,  but  for  the  purpose  of  correcting  any  errors  in  the 
inal  location,  descriplion,  or  record,  and  of  taking  in  and  acqiiinq 
forfeited  or  abandoned  overlapping  ground,  and  of  taking  in  anr  ^ 
any  overlapping  claim  which  has  been  abandoned,  and  of  securing  ^1 
benefits  of  said  section  2409  of  the  General  Statutes  of  Colomdo. 


Smid  lode  w^aK  discovered    tb««,*«.t8t...,, 
■     day  of.... April....,  A^D.  iSaa, 

Attest  :....,..*..,...........,,.*.,„ 

Date  of  additional  and  amettded  certificate 
■  ii.,, June  14th  ..  ,.,  1891. 


Joiiw  H.  Rovrr,, 


LOCATION    CERTIFICATE   OF    MILL   SITE. 


I  To  all  whom  tlwsc  presents  may  coticcrn: 

■  Know  vk.  That  L  A.  E,  Lowe,  of  the  County  of  Arapahoe,  and 

■  of  Colorado,  do  hereby  declare  and  publish  as  a  legal  notice  to  i 

■  world,  that  I  have  a  valid  right  to  the  occupation,  possession,  and  4 
i^  incnt  of  all  and  singular  that  tract  or  parcel  of  land»  not 


rionce  10  « 
si  on.  and  4 
>t  cxcccdi^ 


5,  situate,  lying:  and  being  in  ih€  Cotmty  of  El  Paso,  and  State 
irado,  bounded  and  described  as  follows; 

FOOft»AK    MILL   SITE. 

l€ginning  at  Cor  No.  t,  whence  the  NE.  Cor,  Sec,  ig,  T.  14  S., 

V.  bears  K,  46'  4B'  E.  Mi^9  Jt..  thence  S.  85"  50'  W.  921.2  ft.  to  C 

2,  thence  N,  37"  00'  E.  467  (j6  ft.  to  Cor.  No.  j,  thence  S,  64*"  oa' 

ft.  to  Cor  No.  1,  the  place  of  beginning. 


I 


Conuining  4  acres,  more  or  less. 


d 


Variation  14*  45'  E. 
I'ogether  with  all  and  sitigular  the  hereditaments  and  apptirtenaift 
eto  belonging  or  in  any  wise  appertaining* 
'itncss  my  hand  and  seal  ihis  5tb  day  of  December,  A.D.  1891. 
IsEAi-.]  A,   E.  LOWE, 


SURVEY    NO.   8000 


J 


rttLE    PACE   TO    KEFORT    UNDER    CIRCULAR    'Vx "    OP    SEI^.    23»    fSfe, 

REPORT 

ier  General  Land  OflBce  Circular  "  N  *'  of  September  2j,  18S2  u| 

Placer  Mming  Claim   known  as   the Cumro  placer, dain 

,..T,  E.  Jenkins  et  ai situate  in, Pike's  P^ Mining  E 

»,,.,     El     Paso.,,  Xonnty Colorado ,     embracing jj 

:5»  and  forming  a  portion  of  the  S,  half  of  the  SW.  quarter in  S 

17 Town..,.  14  S,..,.  Range,.. .69  W.  of  the  6th  P.  M 


Examination  made. 


*  February  tSth *  1893- 

By  A.  L.  Hawley 

IL  S.  Dffmiy  Mineral  Sunryifr, 

SURVEY   NO.  8000   A. 

CUMRO   PLACER. 

The  soil  embraced  in  ihis  claim  consists  of  decompoj 
mineral-bearing  granite  on  the  mountain  slopes,  and  aurifen 
sand  and  gravel  along  ihc  creek  bottom,  all  covered  will 
thin  layer  of  loam  and  alluvium  supporting  a  scant  gro>nth 
grass  and  sage  brush,  with  scattering  pine,  spruce^  cedar*  1 
Cottonwood  timber 

The  only  stream  passing  through  this  claim  is  Cumro  crc 
4  ft,  wide  and  about  2  fr  deep,  which  crosses  the  cxtrc 
southeast  corner. 

A  log  cabin,  the  west  corner  of  which  bears  from  Cor  1 
13  S,  40*  E,  120  ft.,  12  X  16  ft.,  course  of  long  sides  N.  44''  E^ 

The  surface  and  underground  workings  on  this  claim  q 
sist  of: 


^^74 

Sl/J^FMYLVG. 

^^^m 
^^^^H 

^^M 

^^^^i     ^ 
^^^p 

^^m 

A  tunnel,  the  mouth  of  which  bears  from  Con  Kn  ;  K.!|^| 
48'  E,  582  ft.,  s  ^  6  ft .  running  N.  10"  44'  W.  515  ft  to  brcii.^1 

A  shaft,  whu'h  bears  irom  Cor.  Ko.  20  S.  48'  jo'  W.  J^I^B 
3  X  5  ft..  J 2  ft.  deep  in  earth  and  rock.                                        ^H 

Placer  workings,  the  centre  of  the  northeasterly  end  of  vlti^H 
bears  from  Cor,  No.  15  N,  46°  W.  285  fL,  averaging  40  tr.  «!<■ 
and  8  ft.  deep,  and  extending  S.  62^  W.  120  fl.  along  ikl^H 
of  Cumro  creek.                                                                         ^^B 

The  nearest  post-oflice  to  the  claim  is  Jamestown,  a  miflin 
camp  of  about  300  population,  located  on  Brush  creek.  iIkmiiM 
miles  south  of  ihe  claim.    The  nearest  railroad  station  tJ  Ti*| 
Siding,  a  spur  and  flag  station  on  the  Denver,  Apt%  and  Wtd^H 
ern  R.  R.,  at  the  coniluence  of  Cumro  and  Plum  creeks*  ili«^H 
6  miles  southwesterly  from  the  claim.                                     ^M 
Other  than  the  system  of  lode  deposits  adjoining  ifid  {^(I^H 
ing  a  part  of  this  claim,  there  are  none  nearer  than  CiflMii^H 
situate  about  4  miles  to  the  northeast,                                    ^^| 

This  claim  is  peculiarly  adapted  for  placcr^miniitg  piirpc^H 
inasmuch  as  the  contour  of  the  surface  and  the  characUi«^B 
nature  of  the  soil  are  such  that  it  can  be  niosi  advania^^H 
and  cheaply  worked  by  hydraulic  giants  and  the  tail^^^H 
rapidly  and   easily   disposed  of     Cumro   creek  carri«  w^B 
50  cu.  ft.  of  water  per  second  during  the  dry  season.  ben^j^H 
abundance  of  water  for  working  the  raiin.     As  yet  no  t^^| 
has  been  taken  upon  the  claim  for  its  dcvelopntent,  CJtc^l^H 
washing  the  placer  workings  hereinbefore  describetJ;  b^t^H 
a  survey*  it  hais  been  found  that  by  a  ditch  not  over  one I^H 
m   length   water   can    be   taken   from    Cumro  creek  oiito|^| 
highest  portions  of  the  claim.     It  being  the  express  intdid^l 
of  the  claimants  to  work  the  claim  in  this  manner.             ^H 

The  w^orks  and  expenditures  made  by  the  claitnants  f^4^| 
deveJopmem  of  the  claim  consist  of  the  placer  workinp^H 
scribed  under  paragraph  c  of  this  report.                          .^^^1 

There  are   no   mines,   salt   licks,   salt  springs,  or  iid^^^l 
upon  this  claim.                                                                 ^^^H 

■                                                                   (4-6D5-)                                                    ■ 
~        OATH  OF  UNITED  STATES  DEPUTY  MINERAL  SURVEVOlJ 

UNDER    GENERAL    LAND    OFFICE    CIHtULAR    "n"    OF    SEPT.    J^.    l^   H 

1 

swear  tha 

1               General   i 

1               made,  tim 

proved  Se 

the  premi 

1              known  as 

District, 

acres  and 

A.  L.  Hawley U,  S.  deputy  mineral  surveyor,  do  sdcfl^f 

i  in  pursuance  of  an  order  received  from  the  U.  S.  Sofva^H 

>r,...  Colorado.. ».,   dated..  ..February   6th ,    iSgtj,  I  iaf^l 

!er  the  provisions  of  General   Land  0(Bce  Circular  "  ^'^ "  ^M 
^ptember  23,  1882,  a  personal  and  thorough  examination.  Bp<M 
ses.  of  the  placer  mining  claim  of. .*.T.   E.  Jenkins  f(  rtl--^H 

the Cumro  placer....,  situate  in.*.. Pike's  Peak.**.^i^^l 

...El   Paso.... County.    ....Colorado embracing... J>^H 

forming  a  portion  of  the  S.  ^2  of  the  SW.  J4  of  Sec,  ij.-niM 
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bwnship  No.  14  S.«..,  Range  No*.. **6g  W.  of  the  6ih  P*  M.*,..,  and 
my  report  of  such  examination,  Kcreio  attached,  is  specific  and  b  de- 
Jl,  and  is  a  full  and  tnic  statement  of  the  facts  upon  all  the  points  speci- 
sd  in  said  circular. 

,.-.*.., A.  L.  Hawlev. 

U.  S.  Deputy  Mineral  Survey&r. 
Subscribed  and  sworn  to  by  the   said*.,,A.   L.    Hawlcy.,.*,   U.   S, 
puty  mineral  surveyor,  before  me,   ..*,a  notary  public  in  and  for  Et 
o  County.  Colorado, ...»  this. , .  .30th , , .  .day  of . . . .  February*  tSgj. 

LsealJ  , B.    F.   CtAUR.,., , 

.......  ^NQlary  Fublk , . 

"Uy  commission  expires  December  20,  1895. 

►mROfiORATIVE    AFFIDAVIT    UNDER    GENERAL    LAND 
OFFICE    CIRCULAR    *' N  '    OF    SEPT,    2j.    r882. 

k.T3  OF  Colorado^ t  ^^^ 

^  . . .  W.  H.  Wilson and. ...  J.  P.  Thompson being  first  duly 

►ra,  severally  depose  and  say  that  he  is  pcfr^onaHy  and  well  acquainted 
Jti  the  placer  mining  claim  of..,.T.   E.  Jcnkms  et  «(,.,..,  known  aft 

•  ...Cumro  placer.....  situate  in Pike's   Peak.... Mining   Di&trict 

J  EI   Paso.,.. County*   Colorado.... .   embracing,  ...J2.07  acre*  and 
'xning  a  portion  of  the  S,  >j  of  the  S\V.  %  of  Sec.   17, in  Town- 
No 14  S. . . . . Range  No.  ... .69  W.  of  the  6tfr  P,  M„ . . . . ;    aJid 

with  the  character  of  all  the  land  included  in  said  claim,  and  has 
so  acquainied  for....  10  and  la.  ...years  last  past:    that  his  knowl- 

gie  of  said  claim  and  land  is  derived  from prospecting  the  ground 

[j  working  the  claim . . . . ,  and  is  such  as  to  enable  him  to  testify  under- 
LUdingly  with  regaxd  thereto;   that  he  has  carefully  read  the  foregoing 

E*ort  of A.  L.  HawIey...,U.  S.  deputy  mineral  surveyor,  and  tltai 

his  own  personal  knowledge  said  report  is  in  all  respects  true  and 
&urate^ 

..W,  H    WiL^ir 

.  . J.  P.  TMOMFfOS.  .  ..,,,, 

Subscribed  and  sworn  to  by  the  above- named  persons  this. . . .  joth.  .^^ 
r  oL... February.... f  tflgj. 

....... .^oCdr^FiiM^. , 

My  commissioti  expires  December  JO^  1^9$. 


(4-687) 

LJEVEYOR-GENERAL'S   CERTIFICATE   OF    APPROVAL 
FIELD  NOTES  AND  SURVEY  OF  MLVIKG  CLAIM. 


OF 


I>CPA»TME]fT  or  THE   laTTEXIOK^ 

Ott%c%  €fw  V.  S-  S<?Everoi-G«3iEKAU 


U,  S.  Survey or-GciKfal  for ,  4o  htrtbf  c^mfj  ihM  ifae  Um^ 

Dg  and  berrto  attached  field  dOCes  mmA  tmmn  of  tbe  Sttrveir  at  Ibc 
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mining  claim  of 
minbg  district. 


County, 


-,  known  as  the 


,  in  Section 


situate  in ; 


,  Range  No.  — ,  designated  as  Stirv^ey  Ho. 

,  U,  S.  deputy  mineral  surveyor, —,  18 ,  undf;r  my  w 

-,  18- ,  Imve  been  critically  examined  and  the  1 


tions  dated  ,  „  ,     „ ^    

aary  corrections  and  explanations  made,  and  the  said  field  notei  nil 
turn,  and  the  survey  they  describe,  are  hereby  approved.  A  mre  «C 
of  the  copy  of  the  location  certificate  filed  by  the  applicant  l^yt  sumfl 
included  in  the  field  notes. 


For 


(4-668.) 

UNITED    STATES   SURVEYOR-GEN ERAL^S    FINAL  CEaH 
CATE  ON    FIELD   NOTES. 

Department  of  the  Interioil, 

Office  of  U.  S,  SuRVEvon-GEsrEiut, 


I,  U,  S.  Surveyor*General  for 


-18-. 


-,  do  hereby  ccrti/y  that  the  1 


going  transcript  of  the  field  notes,  return,  and  approval  M  the  sti/^jy 

the  mining  claim  of ,  known  as  the ,  situate  in  - — — 

districtt  — ' County,  -— - — ,  in  Section —,  Township  }^o 


Range  No. 


-♦  and  designated  as  Surv^cy  No, 


hai  bcttC 


rectly  copied  from  the  originals  on  file  in  this  office;  that  said  fieMi 
furnish  such  an  accurate  description  of  said  mining  claim  as  «fill  Jj 
corporated  into  a  patent,  serve  fully  to  identify  the  premises,  md  r^ 
such  reference  is  made  i herein  to  natural  objects  or  permanent :  ' 
ments  as  will  perpetuate  and  fix  the  Iq€us  thereof. 

And  T  further  certify  that  five  hundred  dollars'  worth  of  labor Iwi* 
expended  or  improvements  made  upon  said  mining?  clain)  hj  \'  ^ 
or  —  -  -  grantors,  and  that  s^aid  improvemenis  consist  of  - — ^• 
that  no  portion  of  said  labor  or  improvements  has  Ijeen  inclydd  tf 
estimate  of  expenditures  upon  any  other  claim. 

I  further  certify  that  the  plat  hereof,  filed  in  the  U    S.  Und 
at ,  Is  correct  and  in  conformity  with  the  forejfoing  field 

¥m — 
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CIRCULAR   TO   APPLICANTS 


To  Jpff!kat\ls  hr  Mineral  Surz'ey  Ordtrs: 

You  win  observe  the  following  requirements  in  the  condocioij 
business  with  the  Surveyor-Generars  Office,  the  same  being  h^t^ 
the  United  States  mining  laws  and  circular  and  special  instnictifl 
the  Commissioner  of  the  General  Land  Office: 

1,  All  applications  for  survey  orders,   descrtptive  rcpons  on 
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18,  or  ccrUficatea  of  five  hundred  dollars*  expenditure,  should  be  ad- 

led  to  the  Surveyor-General  *  and  be  signed  by  the  daimants,  their 

I  ur  attorney. 

i  Each  application  should  contain: 

i)  The  name  of  the  claimant  in  full,  and  as  it  is  desired  to  appear  in 

'  pplication  for  patent. 

The  name  of  each  location  embraced  in  the  claim. 

The  name  of  the  land  and  mining  disiricis  in  which  the  claim  is 

The  name  of  the  United  States  deputy  mineral  surveyor  to  whom 
icsired  the  order  shall  be  issued, 
tor  form  of  application  see  page  655^ 

I  You  are  required  to  file  with  each  application  for  survey  order,  a 
I  of  the  record  of  location  of  the  claim,  properly  certified  by  the  re- 
6r  of  the  county  or  mininjj  district  where  the  claim  is  situate, 
\  The  deputy  mineral  surveyor  is  required  to  survey  the  claim  in 
f  amformity  with  or  within  the  lines  of  the  localion  upon  which  the 
f  of  survey  is  based.  You  are,  therefore,  advii^ed  before  filinitf  your 
Ication  to  see  that  your  location  has  been  made  in  compliance  with 
Iw  and  regulations,  and  that  it  properly  descnbes  the_ claim  for  which 
batent  is  sotighL 

be  act  of  Congress  of  May  to,  187-2,  expressly  provides  that  **  the 
ion  must  be  distinctly  marked  on  the  ground,  so  that  its  boundaries 
be  readily  traced/'  and  "  that  all  records  of  mining  claims  hereafter 
p  shall  contain  the  name  or  names  of  the  locators,  the  date  of  loca- 
[and  such  a  description  of  the  claim  or  claims,  located  by  reference 
pmc  natural  object  or  permanent  monument,  as  will  identify  the 
p- 

jThese  provisions  of  the  law  must  be  strictly  complied  with  in  each 
fto  entitle  a  claimant  to  a  survey  and  patent,  and  therefore  should 
imant  under  a  location  made  subseqttent  to  the  passage  of  the  mining 
kf  May  10.  1872.  who  has  nnt  complied  with  said  rcciuirentcnts  in  rc- 
[  to  marking  the  location  upon  the  ground,  and  recording  the  same, 
ffor  a  surve^v,  you  will  decline  to  make  it." 

rThe  only  relief  for  a  party  under  such  circumstances,  will  be  to  make 
W  location  in  conformity  to  law  and  reg^ulations,  as  no  case  will  be 
bvcd  by  this  office,  unless  these  and  all  other  provisions  of  law  are 
llaiitially  complied  with/'  (See  General  Land  Office  circular  dated 
t  20.  1873.) 

I  Par.  9Q,  General  Land  Office  circular,  of  Dec,  10,  ifigt.  edition  Dec. 
|H,  relating  to  the  expense  of  office  work  connected  with  the  survey 
(ineral  claims,  reads  as  follows: 

iWith  regard  to  the  ptattmg  of  the  claim  and  other  oMcc  work  in  the 
Neyor-Generars  office,  that  ofHcer  will  make  an  estimate  of  the  cost 
&of,  which  amount  the  claimant  will  deposit  with  any  assistant  United 
U  treasurer,  or  designated  depository,  in  favor  of  the  United  States 
hirer,  to  be  passed  to  the  credit  of  the  fund  created  by  *  individual 
iitors  for  surveys  of  the  public  lands,'  and  file  with  the  Sun^eyor- 
tral  duplicate  certificates  of  such  deposits  in  the  iisuil  manner/' 
I  The  various  Surveyors-General  h^ve  adopted  schedules  of  rates  for 


r 


*  See  pai^e  t&%  for  lut  of  oJSeet  of  U.  S.  Survcyora^GcDeral. 
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office  work,  and  an  estimate  of  the  co^t  in  any  particular  case  auj 
had  upon  application. 

Should  an  applicant  deem  an  estimate  excessive,  be  wiJl  be  alio 
the  right  of  appeal  to  the  General  Land  Office  in  the  usual  minntf, 

III  transmitting  such  an  appeal  the  Survey  or- General  should  inai 
therewith  a  full  reporu 

7.  Should  the  office  work  in  any  case  amount  to  more  than  tk 
mate*  or  if  an  amended  order  is  i?5Ucd,  an  additional  deposit  will  be 
quired. 

8.  In   districts   where   there  are   no  United    States   dept^sitonei 
should  deposit  with  the  nearest  assistant  United  States  treasurer, 
pository*  and  in  ail  cases  immediately  forward  the  original  cc! 
the  Secretary  of  the  Treasury  and  the  duplicate  to  the  Surveyor-' 
office^  retaining  the  triplicate  for  your  own  use  and  security,    Um 
circumstances  will  the  deposit  be  made  by  the  Survey or-GeneraJ.   IS 
paragraph  5.  preceding,} 

g.  An  application  for  an  amended  survey  order  must  be  accomi 
with  a  statLnvent  setting  forth  fully  the  reasons  for  the  proposal  ami 
mcnt  and  all  the  m:iterial  facts  in  the  matter 

10.  If,  after  having  obtained  a  survey  order*  you  should  ab.indotif 
purpose  of  having:  a  survt^y  made,  you  can  apply  the  deposit  \tn 
amount  estimated  for  office  expenses  already  incurred*  on  a  new 
if  one  is  desired. 

11.  Upon  discovery  of  any  error  or  defect  in  an  order  ynu  m 
quested  to  return  it  to  the  Surveyor-General's  Office  for  corncttoft 
amendment. 

12.  If,  after  having  obtained  an  order  for  survey,  you  should  ftnd 
the  record  of  location  docs  not  practically  describe  the  location  as 
upon  the  ground,  you  should  file  a  certified  copy  of  an  amended  V 
certificate,  correctly  describing  the  claim,  and  obtain  an  m^fndd 
for  survey.     If  a  relocation  of  the  claim  is  made  embracing  grotisi' 
included  in  the  original  order,  or  other  material  change  is  made*  jfW 
abandon  the  original  number  of  the  order  for  survey,  and  a  nef" 
will  be  issued  in  wdiich  a  number  in  the  current  series  w*ill  be  subi 

13.  The  order  of  approval  of  surveys  of  mineral  claims  n  pi 
by  General  Land  Office  circular  dated  March  3,  1S81,  as  follows 

"The  mining  survey  first  apphed  for  shall  have  the  priority 
in  alt  its  stages  in  the  office  of  the  Survey  or- General,  includinf 
livery  thereof,  over  any  other  survey  of  the  same  ground  or  any 
thereof. 

"  The  Surveyor-General  should  not  order  or  authorize  a  surrey 
claim  which  conflicts  with  one  previously  applied  for  until  the  *tir^?e7 
apphed  for  has  been  completed,  examined,  approved,  and  platted*  4fl<l 
plats  delivered. 

**  When  the  conflict  does  not  appear  uptil  the  field  notes  of 
spective  surveys  are  returned*  then  the  survey  first  apphed  for  sf 
first  examined,  approved,  and  platted,  and  the  plats  dcJivercd 
field  notes  of  the  survey  lasi  applied  for  are  taken  up  for  exatninil 
plats  constructed. 

"  When  the  survey  first  authorized  is  not  returned  withTti  a  reai 
period,  and  the  applicant  for  a  conflicting  survey  makes  affidavtt  tilt 
believes  (stating  the  reasons  for  h«s  belief)  that  such  first  appl  ^ 
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his  purpose  of  having  a  survey  made,  or  is  deferring  it  for 
mrposes*  to  wit.  to  postpone  the  subsequent  iipplicant,  the 
*Cneral  shall  give  notice  of  such  charges  to  such  first  appUcantt 
ftn  him  for  an  explanation  under  oath  of  the  delay.  He  shall 
fe  the  deputy  mineral  surveyor  to  make  a  lull  statement  in 
^lanatory  of  the  delay;   and  if  the  Siir     yqr-Gcneral  shall  con- 

{ood  and  sufficient  reasons  for  such  delay  do  not  exist,  he  shall 
le  applicant  for  the  conflicting  survey  to  proceed  with  the 
Twise  the  rirder  of  proceedings  shall  not  be  changed. 
Jver  an  applicant  for  a  survey  shall  have  reason  to  suppose  that 
\%  claimant  will  also  apply  for  a  survey  for  patent,  he  may 
Ce  in  writing  In  the  Surveyor-General  particularly  describing 
feting  claim,  and  hie  a  copy  of  the  notice  of  location  of  such 
iclaim.  In  such  case  the  Surveyor-General  will  not  order  or 
ly  survey  of  such  conflicting  claim  until  the  survey  first  applied 
In  examined,  completedj  approved,  and  platted,  and  the  plats 

have  the  option  of  employing  any  United  States  deputy  min- 
pr  in  the  district  to  execute  the'  order  of  survey*  and  must 
kctory  arrangements  with  such  surveyor  for  the  payment  for 
I  and  those  of  his  assistants  in  making  the  survey,  as  the 
fees  will  not  be  held  responsible  for  the  payment  of  the  same. 
*f  the  deputy  surveyor  in  any  particular  case  ceases  when  he 
Jd  the  survey  and  returned  the  same  to  this  office.  He  is  not 
prepare  for  the  mining  claimant  the  papers  in  support  of  an 
for  patent*  being  precluded  from  acting  either  directly  or  in- 
Ittorney  in  mineral  claims,  (Sec.  2334,  United  States  Revised 
pe  Appendix  B  hereof.) 

i  are  advised  of  your  right  to  appeal  to  the  Commissioner  of 
I  Land  Oflice  from  the  approval  or  disapproval  of  the  survey  of 
:  The  appeal  must  be  in  writing  or  in  print,  should  set  forth 
I  clear  terms  the  specific  points  of  exception  to  the  ruling  ap- 
i,  and  should  be  transmitted  through  the  Survey or-Gencrars 


:  APPENDIX  ff, 

ir  THE  U.  S.  Revised  Statutes  and  Pahagraphs  of  the 
CiRruLAR  OF  December  10,  1891,  relative  to  Survevs  of 
Claims. 

te-  A  patent  for  any  land  claimed  and  located  for  valuable 
ly  be  obtained  in  the  following  manner:  Any  person,  associa- 
irporation  authorized  to  locate  a  claim  under  this  chapter, 
tned  and  located  a  piece  of  land  for  such  purposes,  who  has, 
miplicd  with  the  terms  of  this  chapter,  may  file  in  the  proper 
an  application  for  a  patent,  under  oath,  showing  such  com- 
jet  her  with  a  plat  and  field  notes  of  the  claim  or  claims  in 
lade  by  or  under  the  direction  of  the  United  States  Surveyor- 
owing  accurately  the  boundaries  of  the  claim  or  claims,  which 
istinctly   marked   by   monuments   on    the   ground,     *     *     • 


ta 


^^fj  wi  LUC  ncia  notes  to 

register,  to  be  finally  tr, 

the  case,  to  this  omce,  a) 

to  the  register  of  the  pr( 

future  reference.    As  thei 

1    ^J"^'^n^^^s,  nppjjcations 

should  be  made  to  the  C 

IS  ex  mdo  tjie  U.  S.  Sum 

45-    i  he    Surveyors- Ge 

clamis  by  a  progressive 

37- irrespective  as  to  whet 

iandj,  the  claim  to  be  so  i 

m  addition  to  the  local  de 

cases  that  the  plat  and  fiel 

t  ton  to  the  reference  to  m 

tile  locus  of  the  claim,  wi 

a  Jme  connecting  a  corner 

the  United  States  surveys 

f  distance  of  more  than  t 

Jatter  case  it  should  be  c< 

ment     Such  connecting  lis 

and  should  be  measured  i 

calculated  from  actually  sur 

should  not  permit  direct  ir 

corner  is  vvithrn  two  miles 

connection  should   be  mad 

nection  with  a  United  Sta 

mu.t   be   surveyed   by  the 

iT^rr*''^  Particular  surve 

40.   Upon   the  approval 

?n.7lT^J'S^''  the  Survey 
local  land  oft.ce  and  to  this 
of  legal  4t>-acre  subdivj^rnn^ 


APPENDIX  B, 


t  from  his  deputy  who  makes  the  actual  survey  and  examination  upon 

jremi&e*.  and  f^uch  deputy  should  specify  with  particularity  and  fulJ 

I  the  character  and  extent  of  such  improvemems. 

^  The  following  particulars  should  be  observed  in  the  survey  of  every 

ng  claim: 

l)  The  exterior  boundaries  of  the  claim  should  be  represented  on 

)iat  of  survey  and  in  the  freld  notes. 

i)  The  intersection  of  the  lines  of  the  survey  with  the  lines  of  con- 

fjg  prior  surveys  should  be  noted  in  the  field  notes  and  represented 

1  the  plat. 

3)  Conflicts  with  unsurveyed  claims,  where  the  applicant  for  survey 
not  claim  the  area  in  conflict,  should  be  shown  by  actual  survey. 

4)  The  total  area  of  the  claim  embraced  by  the  exterior  boundaries 
M  be  stated,  and  also  the  area  in  conflict  with  each  intersecting  sur- 
substantially  as  follows: 

Acrei. 

areaof  claim.*..  ,   H. »,*,*  .,.,,. .^.,<  ..,*,   ..  *.  .♦  (o.^p 

ificonlJict  wiih  surrey  No,  30a ». ,.»,,...,,,,,.  „„,...„♦..,„.„,,...,♦     1.5^ 

in  conflict  wiih  survey  No.  ^B....* .*...**^..  <....,..  ...»....*..,,.. 3.33 

Q  coaflict  with  Mouoia^iti  Maid  tade  miiilniif  claim,  uniunKycd . .« ..„...,.,,..     1.4! 

does  not  follow  that  because  mining  surveys  are  required  to  exhibit 
inflicts  with  prior  surveys  the  areas  of  conflict  are  to  be  excluded, 
field  notes  and  plat  are  made  a  part  of  the  application  for  patent, 
^are  should  be  taken  that  the  description  does  not  inadvertently  ex- 
portions  intended  to  be  retained.  It  is  better  that  the  application 
Atent  should  state  the  portions  to  be  excluded  in  express  terms.  A 
■y  executed  as  in  the  example  given  will  enable  the  applicant  for 
It  to  exclude  such  conflicts  as  may  seem  desirable.  For  instance, 
onflict  with  survey  No.  302  and  with  the  Mountain  Maid  lode  claim 
t  be  excluded  and  that  with  survey  No.  (^48  included. 
^or  paragraphs  50  and  51.  see  page  653.) 

£c.  2327,  The  description  of  vein  or  lode  claims,  upon  surveyed  lands, 
dei^ignate  ihe  location  of  the  claim  with  inference  to  the  lines  of 
^yblic  surveys,  but  need  not  conform  therew^ith;  but  where  a  patent 
be  issued  for  claims  upon  un surveyed  lands,  the  surveyor-general 
lending  the  surveys*  shall  adjust  the  same  to  the  boundaries  of  snch 
ited  claim,  according  to  the  plat  or  description  thereof,  but  so  as  in 
ase  to  interfere  with  or  change  the  location  of  any  snch  patented 
I,     (See  paragraph  4^.  page  652  ) 

ec.  2331.  Where  placer  claims  are  upon  surveyed  lands,  and  conform 
gal  subdivisions,  no  further  survey  or  plat  shall  be  required,  and  all 
r-mining  claims  located  after  the  tenth  day  of  May,  eighteen  hundred 
seventy-two,  shall  conform  as  near  as  practicable  with  the  United 
s  system  of  public-land  stirvcys,  and  the  rectangular  subdivisions  of 
surveys,  and  no  such  location  shall  include  more  than  twenty  acres 
Each  individual  claimant;  but  where  placer  claims  cannot  be  con- 
ed to  lepal  subdivisions,  survey  and  plat  shall  be  made  as  on  un- 
syed  lands:  and  where  by  the  seprregation  of  mineral  lands  in  any 
subdivision  a  quantity  of  agricultural  land  less  than  forty  acres  re- 
S.  such  fractional  portion  of  aRricuhural  land  may  he  entered  by  any 
'  qualified  by  law,  for  homestead  or  pre-emption  purposes. 
sc.  2SM*   The  Survey  or- General  of  the  United  Slates  may  appoint 


^iidi(^c2>  ror  snrvcys. 

9B;  The  Surveyors- 
of  said  bw,  appoint  ii 
the  survey  of  mining 
distinctly  tinder!5tood  1 
to  be  borne  by  the  m: 
system  of  making  def^ 
instructions,  being  he: 
having  the  option  of  e 
to  do  his  work  in  the  j 

9a  With  regard  to 
the  Survey or-Cenera(*s 
cost  thereof,  which  anj 
United  States  treasures 
btates  Treasurer,  to  b« 
dividual  depositors  for 
surveyor-General  dupli 
ner 

100.  The  Survevors- 
surveyors,  so  that  one  c 
the  greater  convenience 

lor.  The  usual  oaths 
ants  as  to  the  correctnes 

The  duty  of  the  dtp\^ 
the  survey  and  returned 
his  report  to  ihe  Survei 
ror  the  mining  claimant  ■ 
or  otherwise  perform  th 
connection  with  a  minin 

1  ne  Siirveyors-Gener 
any  infringement  of  this 
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(3)  If  these  duties  have  been  performed,  the  public  surveys  will  fur- 
I  a  reasonable  guide  to  the  district  officers  and  lo  claimants  in  prose- 
ng  their  applications.     But  experience  has  shown  that  great  neglect 

resulted  from  inattention  to  the  law  in  this  respect,  and  the  regular 
s  are  of  very  little  value  in  the  matter.  It  wilU  therefore,  be  required 
h«  future  that  deputy  surveyors  shall,  at  the  expense  of  the  parties, 
ce  full  examination  of  all  placer  claims  surveyed  by  them,  and  duly 
e  the  facts  as  specified  in  the  law.  stating  the  quality  and  composition 
he  soil,  the  kind  and  amount  of  timber  and  other  vegetation,  the  locus 

size  of  streanrs,  and  such  other  matters  as  may  appear  upon  the  sur- 
\  of  the  claim.  This  examination  should  include  the  character  and  ex- 
:  of  all  surface  and  underground  workings,  whether  placer  or  lode,  for 
ling  purposes* 

(4)  In  addition  to  these  data,  winch  the  law  requires  to  be  shown  in 
cases,  the  deputy  should  report  with  reference  to  the  proximity  of 
tres  of  trade  or  residence:  also  of  w^cll-known  systems  of  lode  deposit 
>f  individual  lodes.  He  should  also  report  as  to  the  use  or  adaptability 
;hc  claim  for  placer  mining:  whether  water  has  been  brought  upon  it 
iuflicient  quantity  to  mine  the  same,  or  whether  it  can  be  procured  for 
t  purpose;  and,  finally,  what  works  or  expenditures  have  been  made 
the  claimant  or  his  grantors  for  the  development  of  the  claim,  and  their 
lation  and  location  with  respect  to  the  same  as  applied  for. 

(5)  This  examination  should  be  reported  by  the  deputy  under  oath 
ihe  Surveyor-General,  and  duly  corroborated;  and  a  copy  of  the  same 
mid  be  furnished  with  the  application  for  patent  to  the  claim,  conati* 
ing  a  part  thereof,  and  included  in  the  oath  of  the  applicant. 


>NTESTS  BETWEEN  MINERAL  AND  AGRICULTURAL 
■C  CLAIMANTS, 

^^  Se(;regation  Surveys, 

114*  When  the  case  comes  before  this  office  [General  Land  Office], 
?h  decision  will  be  made  as  the  law  and  the  facts  may  justify;  and  in 
tes  where  a  survey  is  necessary  tt>  set  apart  the  mineral  from  the  agricul- 
^1  land,  the  necessary  instructions  will  be  given  to  enable  the  proper 
rty,  at  ku  inm\  ex  flense,  to  have  the  work  done,  at  his  option,  either  by 
»ted  States  deputy,  county,  or  other  local  surveyor;  the  survey  in 
h  case,  where  the  claims  to  be  segregated  are  vein  or  lode  claims,  must 
executed  in  such  manner  as  will  conform  to  the  requirements  in  section 
%  U.  S.  Revised  Statutes,  as  to  length  and  width  and  parallel  end 
s. 

iiS'  Such  survey  when  executed  must  be  properly  sworn  to  by  the 
^'eyor,  either  before  a  notary  public,  officer  of  a  court  of  record,  or  be- 
■  the  register  or  receiver,  the  deponent's  character  and  credibility  to  be 
Perly  certified  to  by  the  officer  administering  the  oath, 
f  16,  Upon  the  filing  of  the  plat  and  field  notes  of  such  survey,  duly 
rti  to  as  aforesaid,  you  I  Register  and  Receiver]  will  transmit  the  same 
:^he  Surveyor-General  for  hh  verification  and  approval;  who,  if  he 
a  the  work  correctly  performed,  will  properly  mark  out  the  same  upon 
original  tow*nship  plat  in  his  ofllce.  and  furnish  authenticated  copies 
Uch  plat  and  descriptinn  both  tu  the  proper  local  land  office  and  to  tH^'i 


SURVEl 

Sec.  5326.*  Where  an 
lication,  it  shall  be  up< 
same,  antl  rhall  show  tin 
claim.     •    *    • 

S6.  In  order  thit  the 
shown,  it  will  be  incumbc 
ing  his  entire  cJahu,  is 
which  he  claims,  and  the 
from   an   actual   survey 
officially  ceriify  ihereon 
be  attached  10  such  plat  ( 
surveyor  as  to  the  appro^i 
ments  made  upon  the  ch 
interest,  and  the  p^at  mus 
other  improvements,  if  ai 
posing  the  application,  utit 
Provided,  hotcetfer.  That,  i 
by  leg^l  subdivision 5.  the 
divisions,  may  describe  t 
ftirther  survey  or  plat. 


MINING    DISTRL 

Alaska,  Sitka 

Arizona.  Tucson ,.,* 

California,  San  Franciscc 

Colorado,    Denver . , , 

Idaho,  Boise  City,,,.,.,, 
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FINITE  DIFFERENCES. 


THE  CONSTRUCTION   OF  TABLES. 


*j  the  accompanying  figure  the  ordinates  are  spaced  at  the  uniform 
nee  /apart.  Let  the  successive  values  of  these  ordinates,  and  their 
•al  orders  of  differences,  be  represented  by  the  following  notation  i 


I  I  I  I 

Fig.  152. 

;s  of  the  function,  ^0,          ^i,          ^9,          ^1,          ^4.          ^s,          >&« 

order  of  differences,  ^'a^.      ^'k^^      ^'a^*      ^  .4|.       ^'a^.      ^'ky 

Id     ••            **  J"Ao.     ^"Ap      ^"A,.     ^"a,.     A'h^. 

1        "            "  ^'"h^,    J"'k,,    ^"k^.    J"'Ar 

h      ''            **  J'V/o,      J'*A,.     J'^v 

etc.,  etc. 


I . 


It  is  u*  be  observed 
niial  development.     It 
of  difeferences  are  alone 
be  computed.     We  will 
several  orders  of  differet 

Almost  all  (unctions 
of  Maclaurin's  Formula 

J.  =  G  + 

If -r  take  an  increme! 
be  represented  by  J'y^  aij 
minus  its  initial  value,  oi 


above  equation,  devclopn 
ducing.  we  would  obtain 

+  (Ct  +  3C»jr„ 

assut«ing  tliat  the  functic 

if  4 J  should  now  lak 

one,  we  would  have  jt^  = 

value  J\  when  xo  has  fc 

is  the  ckam^  in  the 

m 

Hence  ^H 
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From  the  above  development  we  5ce— 

I*  That  /^r  ptumbfr  ef  orders  of  difftrrncis  is  rftiai  to  ike  highest  ex- 
^eni  of  the  vitriithlc  invt>tved  the  last  difference  being  ii  constant, 

2.  Tnai  if  any  initial  vaiue  {Xo)  of  the  variable  be  taken*  the  first  of 
he  several  orders  of  differences  can  be  oblained  in  trrins  of  tliis  initial 
alue,  its  consiant  increment,  and  the  constant  coetficient^.  This  fur- 
bhes  a  ready  me.ans  of  compytini^  a  table  of  values  of  the  function*  if 
can  be  represented  in  the  form  of  equation  (I).  Evidently  if  the  ini- 
a  I  value  of  the  variable  (.ra;  be  taken  as  zero*  the  evaluation  for  the 
Veral  initial  differences  is  much  simpliticd,  for  then  all  tlie  terms  in  x 
sappear.  If  the  constant  increment  be  also  taken  as  unity,  the  lubor 
still  further  reduced. 


^, 


AMPLE,— Construct  a  table  of  values  of  ihe  function 
y  =  50  —  40jr  4-  20  v'f  +  4.r^  —  .r*. 


(7) 


Lei  the  iniii&l  value  of  the  variable  be  zero  and  the  increments  unity. 
Evaluating  Ihe  initial  differences  by  equaiions  (3)  10  (6),  we  find*  for^Tft  =  o, 

^>.«  =^  Ci  +  r,  +  c,  +  c,  =  -  17; 

^  y  =  6C|  +  2fiC^  ^  -  12; 

J*''^*  =  34C4  =  —  34' 

fVom  these  initial  values  we  may  readily  construct  the  following 


Falun  of 

Valumof 

Ttt  Diffemcei. 

3d  DiffercaccB, 

4tb  Differeocca. 

J-. 

^.* 

^v 

A"r 

4-V. 

i-^          • 

50 

—    17 

31 

+     33 

+     50 

-      13 

66 

+     71 

+     39 

-     36 

^   24 

137 

+  n 

+        2 

-     60 

-  24 

310 

+   n 

-     S8 

^     84 

-  24 

235 

-    127 

-^    ,42 

--  108 

-  24     , 

q% 

-  377 

^  250 

-    t32 

-  24 

-     379 

-  759 

-   382 

etc. 

etc. 

—   1038 

etc. 

etc. 

etc. 

etc. 

*^Ftg.  153  is  the  locus  of  this  curve,  the   ordinates  being  taken   from  tbJv 


The  above  formulae 
her  than  ihe  fourth 
be  zero,  and  so  cause  oni 
If  the  variiibk*  js  vrivolvt 
velopmcnt  may  be  made 
differences  may  be  dete 
senes  af  successive  valu 
degree  of  the  eqtiaLion, 
differences  from  these 
Tlie  table  mav  then  be  c 
fore.    Thus  in  the  abov 
been   found  by  direct  e 
values  of  x,  and  then 
stant  fourth  difference 
out  resorting  to  any  alge! 


:t  e 
thd 

;e.  J 


THE  EVAl 


The  ordi nates  to  any 
represented  by  such  an 
length  of  any  ordiniiie  ^s  , 
dinate,  the  value  of  this 
orders  of  differences*    Tt 


i«  =  A,  +  i»J'Aa  + 


where  ^,  is  the  /Jlh,  and 
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(8) 


i=  I"  kdx  =  C*  hnUnz^l  C'  k,Jn  =  l\h,  C'  dn-ifAkt  C"  ndn 

+  ^*  /*"»(» -!)(»- 3) («-3)«/»  +  etc."j.  .    .    . 
Int^rating  this  equation,  we  obtain 


(9) 


From* the  schedule  of  differences  on  p.  605  we  may  at  once  find  the 
fcitial  values  of  the  several  orders  of  differences  in  terms  of  the  succes- 
iTc  values  of  the  function.    Thus 

t'k.  =  ^'A,  -  ^'h.  =  ^t  -  2/4,  +  h.\ 

'"'4,  =  A"k^  -  A"k.  =  ^'a,  -  2^'a,  +  ^'>4,  =  ^t  -  3^«  +  3^1  -  -*•; 

^wJl,  =  i^"'jl,  -  ^'"Ao  =  ^"ht  -  2-^"A,  +  A"k.  =  i^'A,  -  3^'>l,  +  ^A'ky^  -A'Ao 

=  ^4  —  4^»  +  6/4t  —  4^1  +  ^t. 

Again,  the  coefficients  follow  the  law  of  the  binomial  development, 
nd  we  may  write 

i-A,  =  ^«  -  11^  -  ,  +  -777-^«  -  a  -  —7777^ — -^-  -  3  +  etc.  .    (10) 

By  the  aid  of  this  equation  we  may  now  substitute  for  the  several 
nitial  differences  in  equation  (9)  their  values  in  terms  of  the  successive 
'alues  of  the  function.  Also  for  any  area  divided  into  «  sections  by  or- 
linates,  uniformly  spaced  a  distance  /  apart,  equation  (9)  will  give  the 
jca  in  terms  of  /, «,  and  the  several  ordinates,  when  these  latter  are  sub- 
^tuted  for  the  J's  by  means  of  eq.  (10). 

Xhus,  for  n  =  I,  equation  (9)  becomes 


A  =  /(>5o  +  iJ'A,)  =  -  (^0  +  ^i\ 


(") 


which  js  the  well-known /cjrw 
be  til  at  formula  if  areas  were 
If  n  =  3, 

which  is  called  Simpsm's  t  ^* 
If  /*  =  4. 


If  now  the  coefficient  of  d 
would  not  affect  curves  of  a  i 
equation,  when  the  As  arc  sut 
very  simple  form : 

A^-^ik^  +  h^  +  k 


which  is  tiM^_JVaIiidllJiMl^ 
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^tlON  OF  FORMULAE  FOR  COMPUTING  GEOGRAPH^ 
ICAL  COORDINATES  AND  FOR  THE  PRO- 
\  JECTJON  OF  MAPS,* 

I  Fig.  1S3  represent  a  distorted  meridian  section  of  the  earth* 

ifl  =  the  major  and  ^  the  minor  semi-ajtes. 


a  -  ^ 
f  —  — =  the  cUipticity- 


e  ecceutncity  is  given  by 
^      fl»  -  i^ 


whence 


The  \\t\e  Hm  —  N  is  the  tiarmal  to  the  curve  at  n  ; 
the  angle  ficd  =  A  is  the  gfMfnhie  iniitud^  : 
nfd  —  L  is  I  he  gf&d^iu  latitude. 

I  geodetic  latitude  is  always  understood,  as  it  is  the  latitude  ob- 
from  astronomical  observations, 

s  desirable  to  find  the  Icn^h  of  the  line«/,  of  the  normal  nm,  and 
radius  of  curvature /V,  all  in  terms  of  t^  Z,  and  a.    Also  to  find 
acentric  latitude  in  terms  of  a,  ^*  and  L^ 
find  ni,  we  have 


^=i^lw'+T/»=/y  +  ^.    .   .     . 


I  ellirtK, 


<ix  a\* 


^=/y+S..=/^+('-'^''- 


»  See  Chapters  XIV,  and  XV.  (or  the  use  of  the  formula. 


Squaring;  remembering  that^^  = 


!>/=: 


fl(i-^ 


(l  —  ^  sin*  i 

"To  find  the  lonnth  of  the  norm,'^ 
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ind  A,  the  geocentric  latitude  in  terms  of  a,  b,  and  A  we  have 
X  =  ncd ;        L  =  nU, 

vt  both  have  the  common  ordinate  nd,  we  may  write 
tan  A :  tan  L\\  dl  \  de, 

di^-^x  from  (4),       taiddcsax, 

Or 

UnAss-jUnZ. (Q 

ind  the  radius  of  curvature,  R,  we  have,  in  general, 

*=4f^ w 

theeUipse,    f^..^.       and       ;^  =  -i5i; 

_  (^  +  ^^ 
^"^         i^j*        *^ 

^et  this  in  terms  of  a,  e,  and  L,  we  have,  from  Fig.  153, 

"^  I  —  ^»  sin*  Z 

)  from  the  equation  of  the  ellipse  in  terms  of  its  eccentricity  we 

,        y     _a«(i~sin*Z) 
I— ^*        I  —  ^•sin'Z 

may  now  find 

"^     '  I  —  /•  sin*  Z* 


The  radius  of  cun'alure  of  i 
ture  of  the  great  circle  perpen 
where  they  intersect,  which  is 
functions  in  geodetic  formulae. 


jid  longitude  of  one  slaiion  are  supposed  to  be  known  \  the  latitude  i 
3ngiiude  of  ibe  other  statioin  and  the  back  azimuth  of  the  line  join 
benii  arc  to  be  found. 

tet  £'  =  known  latitude  of  S ; 

L  ^  unknown  latitude  of  A\ 

^  =  known  length  of  (me  AB  reduced  to  sea-leveU 

I  —  length  of  arc  AB  —  —; 

Z  =  known  azimuth  of  BA  at  B% 

Z«  unknown  aiimuth  of  AB  at  A\ 
JIT  =  known  longitude  of  B\ 
M  =  unknown  long;itude  oi  A. 

^  _'h€  angle  APB  formed  by  the  two  meridional  planes  through  A  i 
'  Is  the  difference  of  longitude  3/—  M'  -  JAf, 

The  difference  of  latitude  is,  L  —  L*  =  JL  =  B/  in  the  figure.  A 
e  trace  of  a  parallel  of  latitude  througli  A  and  /  is  its  intersection 
e  meridian  through  B,  AF^  is  the  trace  of  a  great  circle  through 
frpendicular  to  the  meridian  through  Zf,  and  P'  is  the  point  of  its  ml 
ction  with  iliut  meridian. 

The  normals  are  Bn'  ^  AP  and  An  =  M    The  radii  of  curvature 
''  =  B'  and  Ar  =  /?, 
The  latitude  and  longitude  of  A^  and  the  azimuth  of  the  !ine  AB  h 

t.Qwards  B.  can  now  be  found  by  solving  the  spherical  triangle  A I 
tius  L  =  9^''  -AP;  M  =  Af  -  Ai;  and  Z  =r  j8o'  -  PAB. 

Although  the  line  AB  lies  on  the  surface  of  a  spheroid,  if  a  sphere 
►ficeived  such  that  its  surface  is  tangent  iniernally  to  the  surface  of  1 
'lieroid  on  the  parallel  of  latitude  passing  through  the  middle  point 
^  line  AB,  then  this  line  will  lie  so  nearly  in  the  surface  of  the  sphi 
at  no  apprectable  error  is  made  by  assuming  Jt  to  be  in  its  surface.  1 
^^ngle  ABP  then  becomes  a  triangle  on  the  surface  of  the  tangi 
'tierc,  and  hence  is  a  true  spherical  triangle.  The  sphere  rs  defined 
Icing  its  radius  equal  to  the  normal  to  the  meridian  at  the  mean  h 
<ic  of  the  points  A  and  B.  Since  this  mean  latitude  is  unknown*  ■ 
t~mul3e  are  first  derived  for  the  latitude  of  B,  L\  and  then  a  correct 
»|>lied  to  reduce  it  to  the  mean  latitude. 


THE  DIFFERENCE  OF  LATITUDE, 

Let  ii  first  be  required  to  find  L  from  L\  or  find  dL  =Z  —  L\ 
If  we  write  /,  t,  for  the  co*fatltudes  of  Z,  L\  and  y  iorZ  —  i8o% 
LVC  from  the  spherical  trjangle  ABP, 


co«  /  =  cot  i  cos  I  4*  sin  /  *'m  §  cos  /. 
4t 


-    *    » 
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suj^Fsrnva 


By  means  o!  Taylor-s  Formula  we  may  find  the  value  of  /  m 

powers  of  s,  and  since  s  is  always  a  very  small  arc  in  terms  of  the  tidi 
usually  from  20  to  60  minutes,  the  series  will  be  rapidly  converging 
By  means  of  Taylor's  Formula,  we  may  at  once  write 


'='+2'+ 


a  ds* 


6  di* 


We  will  use  but  the  first  three  terms  of  this  development,  the  foanlJ 
term  being  used  only  in  the  largest  primarv  triangles.  I 

The  derivation  of  the  successive  differential  coefficients  of  /  mt> 
respect  to  j  is  the  most  difficult  portion  of  this  general  developmcwL  ll ' 
s  be  supposed  to  vary,  then  /  and  j  both  nmsc  vary%  and  they  are  ail  tra- 
plicit   functions   of   each   other.     These  coefficients  arc  therefore  Dc3 
found  geometrically,  as  follows  :  m  Fig.  1 55, 


Fic  tjs. 


Let  AS  =  SC  =  <fjf  =  differential  portions  of  tlie  line  AB  ^i\&  Ftgt  tSli 
AD  —  —  di  ^  chang^c  In  AP  {—  f)  due  to  the  change  +  Jj;  10  r. 

Let  the  ang:le  FAB  s  jar'  and  PBC  =  y.  s'*  being  greater  ihiw  '  1 
the  conver^ncc  of  the  meridians  shown  by  the  an^k  AP'B. 
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The  lines  BD  and  CE  are  parallels  of  latitude  through  the  points  B  and 
T,    They  cut  all  meridians  at  rig^ht  angles. 

Since  the  triangle  ABD  is  a  differential  one  on  the  surface  of  the  sphere, 
t  may  be  treated  as  a  plane  triangle,  and  we  may  at  once  write 


ds 


AD 
AB 


=  —  cos  g , 


(10) 


lie  minus  sign  indicating  that  /  and  s  are  inverse  functions  of  each  other. 
Differentiating  this  equation  and  dividing  both  sides  by  ds  we  obtain 


dV 


d% 


^=^*°*^- 


(II) 


Now  the  angle  dz'  is  the  angle  AP'B,  subtended  by  the  arc  BD  with 
^dius  BP'.    But  this  arc,  with  radius  iW  gives  the  angle  ds  sin  z\ 


Therefore 


dM^  =  sin  z'ds  -5-=  =  sin  s^ds  tan  L'  =  sin  x  cot  tds. 


d^ 
ds 


=  sin  z  cot  f . 


Substituting  this  in  (11)  we  obtain 


-7-=  =  sin'f  cot  r. 
ds* 


Substituting  these  values  in  (9),  we  have 

/  -  /  =  —  /  cos  «'  -♦-  ii*  sin*  2:'  cot  /'  +  etc. 
Now,  replacing  /,  /",  and  s' ,  by  L,  L\  and  Z' ,  we  have 
fj  —  /.  =  J  cos  Z*  +  ^s^  sin'  Z^  tan  Z'. 
icre  s  is  expressed  in  arc  to  a  radius  of  unity. 


(12) 


(13) 


698 


SU^I^EYING. 


Referring-  it  now  to  the  radius  A^,  we  have  s  ^  ^,  where  ^11  ibc  length 

of  the  arc  s  in  any  unit.  N  being  the  length  of  the  normal  mm  in  Fig*  ijj 
given  in  the  same  uniT. 

Substituting  these  in  (ii),  we  have 


-.        .  _Xt^r       I  A"  sin*  Z' tan  Z* 


u 


This  gives  the  difference  of  latitutle  in  units  of  arc  in  terms  of  radius  ^ 
But  m  fife  rentes  of  latitude  are  measured  on  a  sphere  whose  mdii^j 
tfie  radius  of  curvature  of  the  meridian  al  the  middle  latitude.  Since  1 
do  not  yet  know  the  middle  lautude,  we  can  use  the  known  lalilucTc - 

and  afterwards  correct  to -, 

2 

Changing  to  a  sphere,  whose  radius  Is  /?\  and  dividing  by  the  arc! 
1"  in  order  to  get  the  result  in  seconds,  we  have  ' 


Z*-L  =  ^6L  = 


^   77  *^*^s  if  +  ^ 


K* 


M'  arc  I 


2  /tjV  arc  1 


-,  sin*  iT  tan  l\ 


f f  we  let 


B^ 


^'  arc  i" 


and     C  ^ 


tan  L 


^JtAT  arc  i" 


we  may  write  —  ^£  =  A' cos  Z'-B  +  A''  !>in'  Z'-C,       *    *    , 

To  reduce  this  to  what  it  wotiid  he  if  the  mean  latitude  hnd  been  1 
we  have  to  correct  it  tor  the  difference  in  the  radii  t»f  curvature,  Kt  ^ 
A*„.  at  the  latitude  //  and  the  middle  latitude  respectively.     It  jAkt 
true    difference  ot    hitituflc  when    A*„   is  used,  and  dL   be  the  dilfcrr 
when  R^'  is  used,  we  would  liave 

To  reduce  &L  to  ^L^  therefore,  we  must  add  the  quantity  ^L* 


Now 


whence 


jT  = 


fl(i— j^j*-'  Kill  L   cos  L  \ ,, 
(1  —  c'  sui'  L  )| 
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Here  dL  is  the  diflfcrence  in  latitude  between  one  extremity  of  the 
iC  5  and  its  middle  point,  or  dL  =  \6L,  as  given  in  eq.  (16),  hence 


.  -  fdR\  _  i^  sin  //  cos  /^'  .,;-  »  /„^ 


If  we  put  D  = 


3<^  sin  L  cos  L'  sin  l" 


i-^'sin'r        • 
c  corrective  term  becomes 

6l'^  =  (6L)^Di 

lence  we  finally  obtain 

-zfZ  =  A'cosZ'.iff  +  A^sin'Z'.C4-(«Z)«./J,    ,    ,    .     .     (D) 

ere  ^L  is  given  by  (16),  or  it  is  the  value  of  the  first  two  terms  in  the 
bt  member  of  this  final  equation.     For  distances  less  than  12  miles 

first  term  only  may  be  used  as  giving  the  value  of  ^L, 
The  values  of  the  constants  B,  C,  and  D  are  given  for  every  minute 
latitude  from  23°  to  65°  in  App)endix  No.  7  of  the  U.  S.  Coast  and 
>cietic  Report  for  1884.     This  Appendix  can  be  obtained  by  applying 
-He  Superintendent. 

F*or  distances  of  12  miles  or  less,  using  the  first  term  only  lor  8L, 
^tion  (18)  becomes 

JL  =  AT  cos  Z'  {B  +  A'  cos  Z'D)  +  /T  sin*  Z-C.    .     .     .     (E'| 
THE  DIFFERENCE  OF  LONGITUDE. 

tn  the  triangle  APB,  Fig.  154,  the  three  sides  and  the  angle  at  the 
^\frn  station  B  are  known.  To  find  AAf  =  angle  APB,  we  have, 
r'cfore, 

sin  PA  :  sin  AB::  sin  PBA  :  sin  APB, 
sin  /  :  sin  J  : :  sin  3  :  sin  AM. 


^  In  the  U.  S.  Coast  and  Geodetic  Survey  Report  for  i8?4.  Appendix  7,  p. 
this  term  is  given  with  its  denominator  raised  to  the  |  power,  and  the 
I  Jar  values  of  D  are  computed  accordingly.  The  development  there  given 
>\>orious  and  approximate,  but  the  error  is  not  more  thari  o.ooi  of  the  value 
"^is  term,  which  is  itself  very  small. 

riiis  was  corrected  in  a  new  issue  of  this  development  by  that  department  in 
Report  of  1894,  A  pp.  9. 


SLrjtrsyiKG. 


h^i  s  =  v^  y^^trTt  S    t£  the  norwiaJ  Bm\  Fig.  i^  ;  and  if  ne  ^^^ 
i:  irr  ^rc  I  ,i  i^rv;  omental  to  its  sine;  wc  have 


,*-^r-  J.:/  ,^  ^*r^rcs>ed  In  sectrnds  ofaic- 


thi-  1  tjiL-  '*  J 
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1  be  seen  that  since  the  azimuth  Z  of  a  line  is  measured  from  the 
)int  in  the  direction  S.W.N.E.,  the  azimuth  of  the  line  BA 
towards  A  (forward  azimuth)  is  the  angle  PBA  +  180°  =  Z\ 
e  azimuth  of  the  same  line  from  A  is  180®  —  PAB  =  Z,  Also, 
=  Z  +  iSo**  +  r. 

min^  that  the  tangents  ^JZand  ^JJ/are  proportional  to  their 
i  putting  Lm  for  the  middle  latitude,  we  have 


—  JZ  =  ^m 


sin  Lm 
cos  iJL 


(Oi 


u. 

s: 


S.  Coast  Survey  Tables  are  based  on  the  following  semi 

a  =  6  378  206  metres, 
3  =  6  356  584      •* 

aid::  294.98  :  293.98. 


appendix  No.  9,  U.  S.  Coast  and  Geodetic  Survey,  Report  for  1894, 
ar  values  of  constants  and  forms  for  reduction. 


APPENDIX  E 

r.EOGRAPHlCAL   POSITIONS  OF    BASE-LINES   AND  PRIItOFU" 
MERIDIANS  GOVERNING  THE  PtrBLIC  SURVEYS. 

Since  the  adoption  of  the  recUng:ular  s^lcm  of  public  stiTvcys.  Mlf  %. 
1785,  twenty-four  mitial  points,  or  the  inicrseciion  of  ihe  principal  b^ssvtiJi 
surveying  meridianSp  have  been  brought  into  requi^ilion  to  secure  fke^  <th 
tajnty  and  brevUy  of  description  in  the  transfer  of  publk  lands  to  indinttiMi 
ownership*  From  the  principal  bases  townships  olsijc  mt&cs  sqnan;  are  nc^ 
out  and  established,  with  regular  seri^  of  numbers  counting  north  mJ 
south  thereof,  anil  from  the  surveying  meridians  a  like  series  of  rangei  art 
numbered  both  cast  an<i  west  of  the  pnnclpal  mendiatis, 

During  the  period  of  one  hundred  years  since  the  organiEation  of  the» 
letn  the  following  numerical  and  independent  principial  meridians  and  bases 
have  bccu  initiatet],  to  wit : 

Tht  fir  si  principal  tmridmm  divides  the  States  of  Ohio  and  Indiattt 
having  for  ils  base  the  Ohio  River,  I  he  meridian  being  coincident  with  S4' 
S 1 '  of  longilurle  west  from  Greenwich.  The  meridian  governs  the  survejs  d 
public  lands  in  the  State  of  Ohio. 

TM£  sicomi priH^ipal  fn^ridian  coincides  with  S6^  28'  of  longitude  wftf 
from  Greenwich,  starts  from  the  confluence  of  the  Little  Bloc  River  wtk 
the  Ohio,  runs  nonh  to  the  northern  boundary  of  Indiana,  and  governs  tfte 
surveys  in  Indiana  and  a  portion  of  those  in  Illinois, 

Tke  third  principal  meridian  starts  from  the  mouth  of  the  Ohio  Rivcf 
and  extends  to  the  northern  boundar}^  of  the  State  of  Illinois,  and  govtm 
the  surveys  in  said  State  east  of  the  meridian,  with  the  exceptiou  of  tft(?< 

f^rojccicd  from  the  second  meridian,  and  the  surveys  on  the  Wfst  to  tt»e 
llinois  River.     This  meridian  coincides  with  89^  JO  30'  of  longitude  y^^ 
from  Greenwich. 

Tht  fourth  principal  meridian  begins  in  the  middle  of  the  channd  o* 
the  mouth  of  the  lUinois  River,  in  latitude  38^  58  12  north  and  looginiiit 
go<^  29'  56 '  west  from  Greenwich,  and  governs  the  survej-s  in  Illinois  »tft 
of  the  Illinois  River  and  west  of  the  ihini  principal  meri<lian  lying  noftli  ^ 
the  river  It  also  extends  due  north  through  Wisconsin  and  northeisUfi' 
Minnesota,  governing  all  the  surveys  in  the  former  and  those  in  the  laB«? 
State  lyiii§  east  of  the  Mississippi  and  the  third  guide  meridian  (west  of  ii« 
fifth  principal  meridian)  north  ofihe  river. 

l%e  fifth  principal  mtridian  starts  from  the  mouth  of  the  Arkaiss** 
Rivcr»  and,  with  a  common  base-line  running  due  west  from  the  mouth  0* 
the  Saint  Francis  River,  in  Arkansas,  governs  the  surveys  in  AriofliM 
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iVIissourii  Iowa,  Minnesota  west  of  ihe  Mississippi,  and  the  third  ^uide 
■neridiaa  north  of  the  river,  antJ  m  Dakota  Territory  east  of  the  Missouri 
E.iver  This  meridian  is  coincident  with  90*^  58'  lotigirude  v%'cst  Irom 
<>rccnwich. 

Tke  sixik  principal  meridian  coincides  with  longitude  97°  22'  west 
from  Greenwich, and,  with  the  principal  base-line  iniersecting  it  on  the  40lh 
degree  of  north  latitude,  extends  north  to  the  iniersecuon  ot"  ihe  Missouri 
River  and  south  to  the  37lh  degree  of  north  latitude,  controliin^r  the  surveys 
in  Kansas,  Nebraska,  that  part  of  Dakota  lying  south  and  west  of  the  Mis- 
souri River.  Wyoming,  and  Colorado,  excepting  the  valley  of  the  Rio 
Grande  del  Norte,  in  southwestern  Colorado,  where  the  surveys  are  pro- 
jected from  the  New  Mexico  meridian. 

In  addition  to  the  foregoing  %\\  principal  meridians  and  bases  governing 
public  snrvcySj  there  have  been  established  the  following  meridians  and 
Dases*  vi/, : 

The  Michigan  meridiart,  in  longitude  84°  19  09"  west  from  Greenwich, 
with  a  hase-llne  on  a  parallel  seven  miles  north  of  Detroit,  governing  the 
surveys  in  Michigan, 

Tk£  Tallahassee  tm-ridiaH,  m  longitude  %4^  18  west  from  Greenwich, 
runs  due  north  antl  soutli  from  the  point  of  intersection  with  the  base-lin« 
at  Tallahassee,  and  governs  the  surveys  in  Florida. 

TAt  Sttini  Siephrn^s  meridian,  longitude  88*^  02  west  from  Greenwich, 
starts  from  Mobile,  passes  through  Saint  Stephen's,  intersects  ihe  base-line 
on  the  31st  degree  of  north  latitude,  and  controls  the  surveys  of  the  south* 
cm  district  in  Alabama  and  of  the  Pearl  River  district  lyin^  east  of  the 
river  and  south  of  township  10  north  in  the  State  of  Mississippi. 

T/i^  Hunis'uilU  meridian,  longitude  86^  %\  west  from  Greenwich,  extends 
from  the  northern  boundary  of  Alabama  as  a  base,  passes  through  the  town 
of  Huntsvijle,  and  governs 'ihe  surveys  of  the  northern  district  in  Alabama. 

Th^  Chocla'Uf  meridian,  longitude  ^9^  10'  30'  west  from  Greenwich, 
passes  two  miles  west  of  the  town  of  Jackson,  in  the  State  oJ  Mississippi, 
starting  from  the  base-line  tweniy-nine  miles  south  of  Jackson,  and  termi- 
nattng  on  the  south  boundary  of  the  Chickasaw  cession,  controlling  the 
surveys  cast  and  west  of  the  meridian  and  north  of  the  babe. 

The  tVaskiHgliyn  meridian,  longittide  91'^  05'  west  from  Greenwich, 
seven  miles  east  ot  the  town  of  Washington,  in  the  State  of  Mississippi,  with 
the  base-line  corresponding  with  the  31st  degree  of  north  latitude,  governs 
the  surveys  in  the  southwestern  angle  of  the  bt ate. 

T/te  Sain/  Helena  meridian,  9'^  i  T  longitude  west  from  Greenwich, 
extends  from  the  31st  degree  of  north  latitude,  as  a  base,  due  south,  and 

&assin:<  one  mile  east  ^f  Baton  Rouge,  controls  the  surveys  in  the  Grcens- 
orough  and  the  southeastern  districts  of  Louisiana,  both  lying  east  of  the 
Mississippi. 

T/tt'  Loitisiana  meridiim,  longitude  92*^  20  west  from  Greenwich,  inter- 
sects the  jtst  degree  north  latitude  at  a  distance  of  tdrty-eight  miles  west 
of  the  ensrern  bank  of  the  Mississippi  River,  nufl,  with  the  based ine  co^ 
incident  with  the  said  parallel  of  nortti  latitude,  governs  the  surveys  in 
Louisiana  west  of  the  Mississippi. 

The  Ne'iv  Mexko  meridian,  longitude  106"^  S^  *^ '  west  from  Greea* 


t,Fllv     I  |F¥  ■:  ■  J  ^  I  |.f  UJ        LfII.aV.       U^^  ITT  ^^11       1.11V      *J 

nofth^  The  initial  trvonumcnt,  at 
is  nineteen  miles  tltstant  from  Boi 
This  meTidian  gDverns  ihc  surveyj 

TA^  iMount  Ihafth  meridian^ 
54'  west   from   Green  v\/ich,   intersi 
mountain  fmm  which  it  lakes  its  na 
the  surveys  of  all  central  and  iiort 
Nevada. 

Tk^  Sun  Bt'tftardini^  m^ndiat 
Greenwich,  intersects  the  base- 1  in 
o6'  north,  anti  g^r^verns  the  surveys 
meridian,  and  that  part  of  the  sm 
of  the  eighth  standard  parallel  soul 

TAe  HumMdi  mtriiiian,  \ovt%i\ 
sects  the  pniicipal  hase-hnc  on  tl 
4.0^  25'  30"  north,  and  controls  the 
California  lyin^  west  of  the  coast  ra 
5  south  of  the  Humboldt  base. 

Th4  IViliameife  meridian  is  c 
from  Greenwich,  its  intersection  n 
45"^  50^  north  latitude,  ami  U  cont* 
SVashington  Territory. 

Tke  Ahftiana  meridutn  extends 
mcnt  established  on  the  summjt  of 
longilutle  itl"^^  40  54  '  west  from  G' 
west  fronfi  the  monuinent  on  the  pa' 
surveys  for  the  en  lire  Territory  of  I 

Tk^  Gi/a  and  SaU  River  meria 
sidenf  the  Gila  River^  opposite  the 
IS'  46"  west  from  Greenwicf^j^ 
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ffOTE.-^The  followm?  instructions,  issued  by  the  Missi?i5ippi  River  CommissJnTi 
in  rSgi,  etntKxIy  the  coniinuous  experience  of  some  twemy  yeajrs'  work  on  the 
U tilted  States  surveys  of  the  (ireat  Lakes  3ii*i  of  twelve  years' work  on  the 
survey  of  the  Mississippi  River*  and  are  believed  to  represent  the  best  practice 
in  secondary  triaogulation,  precise  levdiog,  topographic  and  hyilrographic 
work,  J.  B,  J. 

NST RUCTIONS   FOR   SECONDARY  TRI ANGULATION,  PRECISE 

LEVEL   AND  TOPOGRAPHICAL  AND  HYDROGRAPH- 

ICAL  FIELD  WORK    UNDER   THE    MLSSIS- 

SIPPI  RIVER  COMMISSION.  1891, 

mSTRUCTlONS  FOR  SECONDARY  TR I  ANGULATION. 

iMcating  sidlhns. — In  locating^  stations  it  ts  desirable  to  fiic  them  at 
tich  points  as  give  good  conditioned  triangles.  The  smallest  angle  ir»  any 
rianEle  should  never  be  less  than  50  decrees*  and  but  few  of  these  should 
^  permiiied  to  enter  into  the  system*  The  triangles  should  lie  in  such  a 
fray  that  poinlin^^s  can  be  nriade  from  any  station  to  the  stations  immedi- 
^ely  above  and  below  on  the  same  side  of  the  river.  That  is,  blind  lines 
ihould  always  be  avoided.  Other  things  being  equal,  stations  should  be 
let  where  Ihey  can  be  readily  found  and  where  they  will  not  be  disturbed. 

Reiiiifn^  angUs.—TXxf^  angles  will  be  read  with  T.  &  S.  theodolites, 
ffos.  I  and  2*  The  insiruments  will  be  nrxounted  firmly  and  protected  from 
fUn  and  wind  when  in  use.  The  value  of  the  angle  will  be  detcrminctl  bf 
light  combined  results  read  as  follows ; 


A 

V 

4 

Fig,  IJ& 


7o6 


Sin^^'EViNG. 


The  instrument  being  at  A^  carefully  leveled  and  in  gtjod  adiustmentl 
With  the  vertical  circle  to  the  righl,  or  telescope  direct*  and  lower  molw 
fi^edf  ix)iDt  successively  to  A  i^  2»  5,  and  4,  recording  the  reading  of  bijtl] 
micrometers  for  each  pointing.     This  gfives  a  positive  resuh  f6reachii»i^k.J 
Then  f>oint  to    A  4,  3,  2,  I,  and  record  readings  as  t»cfore.     This  fives  \ 
negative  result  fpr  each  angle,     A  mean  of  the  two  g^ivcs  ocic  comb 
resulL     The  readings  in  a  positive  and  negative  direcliofi  wilt  elujiiii 
twist  of  sutlon  or  instrument,  pro%4ded  ih**  readi^igs  occupy  but  1  sh 
period  of  time  during  which  the  twist,  itany,  is  uniform. 

For  the  next  combined  result.     The  telescope  will  now  be  revers«i» ilat 
is,  revolved  through,  leaving  the  pivots  in  ihe  same  w^es,  and  the  wbokj 
will  he  revolved  llo  decrees  in  aiimuth.     The  vertical  circle  will  ihtn  f 
on  the  Jeft;  the  limb  will  be  shifted  22|  degrees,  and  the  stations 
read  forward  and  back  as  before.     The  notes  Ipr  ibis  series  wdl  be  I 
circle  left.     Reversing  the  telescope  will  eliminate  errors  of  collifl 
small  level  errors,  and  ineouality  of  pivots.     Shifting  ilie  limb  so  as 
the  angles  at  equal  intervals  around  the  circle  wUl  eliminate  periodic 
and  errors  of  graduation. 

The  same  programme  Is  followed  until  all  the  results  arc  obtained, 
limb  being  shifted  and  the  telescope  reversed  after  each  combined  resdt] 

The  micrometers  should  be  adjusted  so  the  run  will  be  nearly  lero.  T"" 
should,  however,  be  tested  at  the  beginning  of  each  day's  work,  andcatt) 
in  the  note-book. 

dosing  tri^ ngUs, ^-Tht  error  in  closing  a  triangle  should  rarelv  rcid' 
and  never  exceed  6  seconds,  and  the  average  closure  should  be  much  t>cio* 
this.  This  will  require  great  care  in  the  centering  of  iastrumcnis  and  tir- 
gets.  A  discrepancy  of  one-third  of  an  inch  will  give  an  error  of  ascConi 
m  a  distance  of  i  mile.  A  transparent  cloth,  phaseless  target  will  be  US'  * 
the  she  varying  with  the  length  of  triangle  sides. 

fftfs^  lines. — Base  hnes  will  be  measured  at  inter\*als  of  about  7S  ^^^ 
This  will  be  done  with  the  300-foot  steel  tape.  The  line  should  hecardti' 
staked  out*  and  its  grade  determined  insiru  men  tally.  Supporting  suM 
will  be  driven  at  intervals  of  30  feet.  The  stakes  marking  the  eitircmni^ 
ot  each  tape  will  be  firmly  set  and  free  from  any  disturbing^  influence  jfl 
to  tension  of  tape  or  otherwise.  On  these  tapes  strips  of  linc  witl  htit* 
tened  and  remain  until  the  whole  measuremeut  is  completed,  Thete 
perature  of  the  tape  wnll  be  determined  by  three  thermometers  pUced 
the  ends  and  in  the  middle  of  the  tape.  They  will  be  allacbea  to  sutU 
supports  and  placed  with  their  bulbs  near  the  tape  when  measyrements^K 
bemg  taken.  Observers  must  be  careful  to  keep  sufficiently  far  away  sol' 
not  to  nfTect  the  thermomefers. 

The  ta|>e  will  be  suspended  in  hooks  at  intervals  of  30  feet,  andatti 
in  such  a  way  that  il  may  swing  freely  and  eliminate  friction  as  far  J 
ticable.  The  tension  of  the  tape  will  be  kept  uniform  while  measufj 
attaching  a  weight  of  16  pounds.  The  extremity  of  each  tape  lenf 
be  marked  on  llie  zinc  strip  with  a  line  line  and  suitably  numbcret-t 
preservation  of  these  strips  furnishes  a  ready  means  of  comparison  i ' 
tape  length  at  any  future  time. 

The  line  should  be  measured  two  or  more  limes,  with  a  discreplKTl 
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imhtn  reduced  of  not  more  than  one  in  250,000.     This  can  readtiy  be  done 
'measurements  are  made  on  cloudy  days  or  at  nighl. 

ObAervations  fiw  aMsmu^h.— The  azimuth  of  each  bust  line  will  be  de- 
ternriined  by  oWrving-.  with  a  triangulation  iniitrument.  two  closely  circum- 
polar  stars  at  elongation  oit  two  diflerent  nights. 

The  instrument  and  light  should  preferably  be  at  the  extremities  of  the 
base  or  a  triangle  side.     The  following  order  of  observing  will  be  used  :  * 


First. 


Circle  rig-hL 
Pomt  to  light. 
point  to  SLOT  and  ttOU 

time. 
RciH]  kvd  direct  and 
_  reveme. 
Point  to  star  and  ooce 

Citoe. 
Point  to  light 


Secood. 


I 


Shift  Ifish  45  degrct^. 
Circle  left. 
Paint  to  light. 
Point  to  star  afvd  uote 

time. 
Read  level  direct  imd 

reverae. 
Point  to  star  and  iwrtc 

time. 
Point  to  iigtiL 


Ttiavd. 


Shift  llfab  ^$  degrrea. 
Circle  lelt, 
point  to  UsU. 
Point  to  BtAT  and  note 

time 
Read  JeveL  direct  and 

reverse. 
Point  to  jitu-  and  note 

time. 
Point  to  light. 


Fotirth. 


Shift  limb  ^$  degrees.^ 
Circle  rigbl 
Point  toligbt 
Point  to  star  and  note 

time. 
Reftd  level  direct  and 

reverse. 
Point  to  itar  and  note 

time. 
Poiiit  to  light. 


On  the  second  night  repeal  this  program  me,  starting  with  a  reading  of 
limb  45  degrees  greater  than  the  last  reading  of  previous  evening. 

It  will  probably  be  found  most  convenient  in  these  observations  to  me 
Polaris,  d  Ursse  Minoris^  A  Ursac  Minoris  and  51  Cephei. 

The  lime  will  be  determined  by  observing  the  mcridiaii  passage  of  high 
and  low  stars, 

S/ifn^  ihu  b^nch-mitrks. — At  intervals  of  about  3  miles  along  the  river, 
lines  of  pipe  and  tile  marks  will  be  set  for  future  surveys. 

These  lines  will  be  numbered  and  located  about  as  shown  on  maps  on 
file  in  this  office. 

The  marks  nearest  the  river  will  be  far  enough  back  to  be  safe  from 
erosion  for  many  years;  the  others  will  be  half  a  mUe  farther  back. 

In  cases  where  the  bluffs  are  near  the  river  the  reiir  marks  mav  be 
omitted.  The  marks  will  preferably  he  ])laced  at  properly  corners,  along 
public  roads,  or  on  property  lines,  in  places  where  they  can  be  readily 
found,  and  where  they  will  not  be  liable  to  disturbance. 

1 1  is  desirable  to  determine  ihe  azimuth  and  distance  between  the  suc- 
cessive marks  ou  the  same  line  when  practicable.  The  marks  should  also 
be  as  nearly  in  a  line  as  the  conditions  of  location  above  nameti  will  admit. 

The  marks  w^ill  be  connected  directly  with  the  secondarj'  triangulation. 
v^here  practicable,  by  3  pointings  from  2  or  more  secondary'  stations,  and 
an  equal  number  from  the  point  to  be  located  to  2  staiions  that  will  give  a 
fairly  good  triangle. 

Where  the  points  cannot  be  located  directly  from  the  secondary  work, 
a.  tertiary  system  may  be  used,  start! nj^  and  closing  on  a  secondary  line. 
In  this  work  the  angles  may  be  read  with  a  ^ood  lo-second  transit,  and  the 

*  If  a  mercury  surface  be  used  and  alternate  readings  be  takci^  on  the  ^tar  and 
oil  I  be  iroai^e,  the  hubbk  rcading^ii  may  be  dispensed  with^  as  all  errorii  from  ihi» 
liourcc  are  eUtninaiedi  J»  B>  J» 
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how  marked.     Its  location  with  r 

shown  by  an  accuraie  skeicb  givin 

houses*  or  other  promint'iu  objecis 

A  similar  record  will  also  be  k< 


INSTRUCTIONS 

J.  Before  commencing  Opt  ratio 
be  determined.  The  most  import 
of  the  level  tubf^.  This  can  best  h 
It  can  also  be  determined  in  the  fie 

Set  up  the  instrument  firmly,  if 
or*  better  still,  ot\  a  stone  pier.  S 
tance  that  It  can  be  distinctly  res 
should  be  at  least  50  metres,  or  il 
should  be  carcfuilv  measured.  A 
such  leng^th  of  bubble  In  the  levf 
middle  or  tenth  graduated  line  on 
rod,  and  by  means  of  the  elevation  i 
end  of  the  level.  Carefully  note  th 
and  the  reading  of  the  level.  Now 
the  bubble  to  run  to  near  the  other 
ofttve  wire  ami  bubble  as  before.  ♦ 
can  then  be  obtained.  This  ope  rat 
elevation  of  the  rod  should  be  chaf 
to  avoid  estimating  the  same  part 
will  be  sufficient  to  run  the  otibl 
position. 

If 
k  =  flist  a  nrr  frnm  rn^jlrirmant 
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With  the  value  of  1  division  of  the  level,  tables  will  be  constructed 
ng-  the  correction  to  be  applied  to  a  rod  reading  for  an  observed  m- 
on  of  the  level,  and  for  a  distance  determined  by  iniervai  between 
ne  threads, 

the  level-bubble  is  weJl  g^round,  equal  db placements  of  the  bubble, 
2  divisions,  will  correspond  to  equal  displacements  on  the  rod. 
Before  using  the  level,  or  determinirjg  its  value*  the  fastening  of  the 
n  its  case  should   be  examined.     One  end  should  be  clamped  down 

fht  enough  Lo  prevent  the  lube  from   moving  easily,  but  not  rijj;hl 
to  strain  the  glass.     The  other  end  sliould  he  iii(htly  clamped  so 
le  tube  may  be  free  to  expand  and  contract  with  temperature  changes, 
motion  packing  at  the  ends  should  not  exert  a  lateral  strain  on  ilie 
All  level  lubes  will  be  numbered  and  have  their  numbers  marked 
ihem, 

la  order  lo  determine  the  inequality  in  the  telescope  rings,  the  instru- 
should  be  mounted  on  a  stone  pier  or  other  firm  supf)ort  and  care* 
!veled.  The  level  should  be  carefully  adjusted  and  the  instrumeni 
ed  to  prevent  its  moving  in  azimuth.  Now,  with  the  eyepiece  of  the 
»pe  over  the  elevating  screwy  note  the  reading  of  the  bubble  when 
s  set  on  telescope,  both  in  direct  and  reversed  position >  Now  reverse 
cscope  in  the  wy&s,  and  read  the  level  as  before.  Several  sets  of 
atjons  should  be  made. 
L^,  ^'  "  inclination  of  telescope  as  denoted  by  means  of  level  readings 

descope  direct  and  reversed,  then  the  inequality  of  rings/  =  ^ — ^ 

i^n  determinations  of  the  value  of  ^^  of  two  instruments  in  use  on 
Ee  survey  gave  probably  errors  of  io'  ,046  and  ±0  ,041. 
e  inequality  may  be  expressed  in  seconds  of  arc  if  desired,  but  for  pur- 
>f  computation' is  best  expressed  in  terms  of  level  divisions,  as  it  can 
e  combined  directly  with  the  error  of  adjustment  of  level. 
The  centering  of  the  object  glass  will  be  examined.  This  may  be 
s  follows  : 

iw  out  the  eyepiece  untU  the  threads  are  no  longer  visible.  Direct 
escope  upon  some  well-defined  object,  and  while  looking  at  it  rotate 
escope  in  its  wyes.  If  the  object  remains  steady,  the  object  glass  is 
:ntly  well  centered.  Should  the  oi)ject  appear  unsteady,  the  fault 
ily  be  remedied  by  a  maker.  The  objective  should  be  firmly  screwed 
t  telescope. 

The  values  of  the  wire  intervals  will  be  determined  as  follows  ;  Set 
-od  at  carefully  measured  distances  of  to.  20,  30,  to  lex?  metres  from 
strument.  Read  the  rod  ten  times  at  each  distance.  The  rod  may 
;red  in  eh^vation,  the  level  may  be  caused  to  change,  and  the  tele- 
may  be  rotated  180  degrees  (inverted)  in  order  to  change  the  position 
threads  on  the  rod. 

king  the  mean   of  the  ten  observed  difTerenccs  of  readings  of  the 
le  tn reads  at  each  station   occupied  by  the  rod,  a  table  wilt  be  con- 
*d  giving  in  metres  the  distance  of  the  rod  from  the  instrument  Ibr 
served  difference  of  reading  between  extreme  wires. 
Jfnlcss  the  rods  used   have  been   previously  compared  with  some 
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To  make  the  vertic:il  adjustmern,  raise  one  of  the  clips  and  read  ihe 
level  in  its  direci  positron  and  also  when  it  is  reversed  on  the  telescope. 
The  difference  between  the  differences  of  end  readings  in  each  position  is 
four  times  the  error  of  adjustment,  and  is  lo  be  corrected  by  the  opposing 
venical  screws  ai  one  end  of  the  level  case.  The  error  of  adjustment  must 
not  be  allowed  to  exceed  two  divisions  of  the  level.  Care  must  be  taken 
that  the  telescope  rings  are  free  from  dust  while  adjusting  the  level.  After 
having  made  the  vertical  adjustment  it  will  be  necessary  to  examine  the 
laieral  adjustment  again,  since  making  one  of  these  adjustments  affects  the 
other. 

{ti )  To  make  the  level  and  vertical  axis  of  revolution  perpendicular  to 
each  other,  loosen  the  small  clamp  screvv  at  one  end  of  the  horizontal  bar 
fasiened  lo  the  vertical  axis  and  by  means  of  the  elevating  screw  rais«  or 
lower  ihai  end  of  the  upper  horizoJ)lal  bar  until  the  telescope  can  be  rotated 
jBo  degrees  from  any  position  and  have  the  level  reading  the  same  in  both 
positions, 

(/)  To  adjust  the  level  attached  to  the  rod,  set  up  the  rod  in  its  tripOd 
in  such  a  ]>osition  that  when  a  plumb  line  is  attached  to  the  small  hook 
near  the  top  of  the  rod^  the  point  of  the  plumb  bob  shall  coincide  with  the 
point  oJ  a  small  cone  attached  to  the  rod  near  its  foot.  Nov^'  bring  the  level 
bubble  to  the  center  by  means  of  the  levelling  screws.  In  making  this  ad- 
jtistment  the  rod  should  not  be  exposed  to  the  wind,  as  the  plumb  line  is 
in  licenced  thereby.     This  adjustment  wdl  be  made  ai  least  once  each  day. 

Each  time  that  the  instrument  is  placed  on  a  station,  its  axis  will  first  be 
made  vertical  by  means  of  the  leveling  screws  in  such  manner  that  the  tele- 
scope may  be  turned  around  the  lionzon  without  the  bubble  of  the  level 
running  a  great  number  of  divisions.  The  telescope  is  finally  made  hori- 
sontal  by  means  of  the  elevating  screw.  The  inclination  at  the  moment  of 
observing  must  not  ordinarily  exceed  three  divisions  of  the  level,  and  never 
Jive  divisions. 

The  instrument  when  in  use  ought  always  to  he  sheltered  from  the  sun 
and  wind,  h  is  carried  from  station  to  station  Without  being  dismounted. 
but  the  level  should  betaken  off  and  carrie<l  in  the  hand.  The  small  clamp 
screvv  at  the  end  of  horizontal  bar,  and  the  large  screw  which  fastens  the 
instrument  immovably  to  the  tripod,  should  both  be  turned  tight  before 
moving  the  instrument. 

The  rods  must  be  placed  on  the  plates  which  accompany  them  and  held 
-in  a  vertical  position  as  indicated  by  the  spherical  level  attached.  It  is 
^advisable  to  always  use  the  same  rod  with  the  same  foot  plate.  Jn  placing 
the  foot  plates  great  care  should  be  taken  that  they  be  horizontal,  on  tirm 

Brround,  and  not  liable  to  change.     The  surface  of  the  ground,  if  not  firm  or 
evel,  should  be  removed. 

The  errors  of  adjustment  will  be  determined  at  beginning  and  end  d 
ch  series  of  observations  ;  that  is  to  say,  after  having  mounted  the  instm* 

ericnt  iind  before  dismounting  it,  and  in  all  cases  at  least  once  each  day, 
f  the  instrument  haa  been  deranged  by  a  jar  the  corrections  must  be  deter- 
mined anew. 

The  error  of  collimaiion  wdl  be  determined  by  two  readings  of  the  rod 
X  a  distance  of  50  metres  when  the  telescope  is  in  its  normal  position  and 
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Iwa  when  it  is  rotated  180 degrees  in  the  wyes.  Thr  difference  betweeitiw 
means  of  the  two  reading^a,  atter  bein^  corrected  for  the  indmatimi  of  ?M 
^evel,  must  not  eitceed  2.5  millimeireii  at  thai  distance,  iind  comnuth 
should  not  exceed  I  millimetre.  The  error  of  the  adjust metit  ot  lIi:  :ru 
(inchnaiion)  will  be  determined  by  reading  the  le^^el  tour  limes  when  d"?n- 
and  four  times  when  reversed  on  the  lelescO[>e»  reversing  it  between  cir- 
reading. 

The  error  of  adjustment  must  not  exceed  two  level  divisions,  arjri  <j^ 
monly  should  not  exceed  one.  All  the  details  of  the  deicrmiiiaTion  ol  '^- 
errors  of  adjustnu-nt  must  be  entered  in  ihe  note  book  in  Ihcir  proper  jiiict. 
It  is  always  advisable  to  have  the  errors  of  adjustmenl  as  small  as  possaW^^ 
aiul  necefjsary  that  they  he  well  determined.  The  time  of  makmg  r 
determinations  will  be  recorded  in  the  note  iKJok. 

Ill  all  work  alonf^  the  main  line  of  levels  each  observer  will  duphcaielJ 
own  work  hy  running  over  the  line  in  opposite  directions,  prelcraWy  ondi 
similar  conditions  as  to  illuminations,  etc. 

While  connecimg  two  bench-marks  the  order  of  using  the  rods  w^J 
as  follow^s  : 


;x 


y 


^ 
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In  the  above  figure  lei  //*,  P etc.,  represent  the  successi%'e  ftJtN 

occupied  by  the  instrument.    B.  M.  <?',  a^ etc.,  tbe  positions  ocrupioil 

Rud  I,  and  a,  a^ etc.,  the  positions  occupied  by  Rod  2.     The  itistfuni 

having  been  set  up  at   I,   Rod  I  is  placed  ow  B.  AL  and   Rod  2  at  *«  m 
ing  the  distance  /— £i  equal  to  I—B.  M.     Rod   1  is  ibea   read,  and  mm 
diately  afterward  Rod  2.     The  time  elapsing  between  diese  readmgs^ 
monly  will  not  exceed  one  minute  and  should  not  exceed  5  miniiieSu 
instrument  is  then  carried  to  /^  and  Rod  i  to  a*,  the  distances  <t— 1'. 
V~a\  being  equal     Rod  2  will  then  be  read,  and  immediately  afterpfjflrf 
Rod  K 

The  instrument  will  then  be  taken  to  P  and  the  rods  read  in  ibe  oh 
I,  3.    Work  will  he  continued  in  this  manner  until  the  other  benchmaril 
reached.     Rod  I  must  be  placed  upon  this  bench-mark^  which  willb^t 
regular  order  if  there  have  been  an  even  number  of  instrument  s£ 
If  there  have  been  an  odd  number  of  instrument  stations,  at  the  lasH 
use  Rod  I   for  both  backsight  and  foresight.     While  leveling'  the  1 
progress  in  favorable  weather  will  be  about  one  kilometre  per  hour 

After  having  properly  leveled  the  instrument  at  any  station  and  Kiti 
made  the  vertical  thread  coincide  with  the  cenii.T  line  of  tbe  rod,  the  ^^'^jm 
vat  ion  will  he  made  and  recorded  in  the  lol  lowing  order  :  ♦    FltFt  tk  OTJ 
win  he  read,  the  tenths  of  the  division  being  estimated  ;  then  the 


*  It  is  preferable  to  keep  the  babble  in  the  center  while  thi^eads  Are  bd^m  * 
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pf  the  ihreatlfi  on  the  rod  will  be  reati,  the  nnllimelres  beinq;  estimated; 
IJick  finally  the  level  will  l^e  read  a^ain.  The  observer  will  then  read  I  he 
rod  a  second  time  lo  make  sure  thai  no  error  ha'i  been  made*  The  rerarder 
Birillthen  take  thedifferenccs  between  the  readings  ol  tht;  middle  and  estremt? 
irires  to  guanl  against  errors,  and  if  these  differences  flenote  any  error  the 
Dbscrvations  must  be  repeated.  If  an  error  cxiMs  it  will  be  shown  by  loo 
p^at  a  difference  between  the  differences,  I'his  is  a  most  important  check 
md  must  not  be  nej^lected.  These  differences  will  also  serve  as  a  check 
Itpon  the  distances  between  the  instrument  and  rods. 

The  recorder  shouhl  also  cl^eck  ihe  level  readrngs  to  make  sure  that 

iTors   of  whole  divisions  have  not   been    made.     This  may  be  done  by 

Dinming  tip  the  reading*  and  noticing  the  length  of  the  bubble,     in  read- 

ge  the  level  by  means  of  ihe  mirror  care  stiould  be  taken  that  the  position 

Hme  eye  is  such  that  there  will  be  no  parallax.     Such  po^ltiims  can  lie 

HJibrntined  once  for  all  wlien  the  mirror  is  at  its  ^--reatest  angle  of  elevaiion. 

Xf  a  second  person  reading  the  level  directly  while  the  ob^ierver  finds  the 

josjtton  from  which  die  reading  of  the  level  in  the  mirror  is  the  same*    The 

lotes  will  be  kept  in  the  lorm  given  in  nc!e  books.     When  once  a  number 

bai*  been  written  down  it  must  not  be  erased  or  made  illegible.     If  wrong 

i    line    will    be    drawn    through    it    and    the    correct    number    written 

|lK>ve, 

The  icnj^ths  of  sights  taken  will  depend  upon  the  condition  of  the 
ttmosphere,  but  the  rods  should  always  be  near  tnough  to  be  seen  dm- 
iiiclly.  It  will  be  seldom  thai  lengths  uf  sights  greater  than  150  metres 
an  be  taken.  The  backsight  and  foresi^ltt  corresponding  to  any  instru- 
lieni  station  must  not  differ  in  length  by  more  than  ten  metres*  and  the 
lurn  of  the  lengths  of  the  backsights  and  foresights  between  any  two  bench- 
narks  should  be  equal. 

Whenever  it  is  necessary  that  the  line  of  levels  shouM  cross  a  river  or 
Ither  wide  obstruction,  a  narrow  place  should  be  chosen.  Firm  points 
houltl  be  set  upon  the  two  banks  :  levels  in  j,'Ood  adjustment  are  set  upon 
Kasts  about  10  metres  from  each  bench-mark,  and  both  levels  |^o  through 
he  same  operation. 

The  error  of  adjnsiment  is  first  accuraiei^  thUrmined.—C^W  one  of 
lie  levels  A.  A  first  reads  on  the  bench-mark  near  it,  once  with  the 
elescope  normal  and  once  with  the  telescope  inverted,  and  then  on  the 
lod  across  the  river  6vc  times  with  the  telescope  norn^al  and  five  limes  with 
he  telescope  inverted.  I'hc  error  of  acljustmeni  ol  the  level  is  again 
(CCurately  determined.  The  rod  across  the  river  will  nted  an  extra  vane. 
!?  performs  the  same  operation  simultaneously.  A  nnd  B  change  places 
tnd  repeat  the  observation  at  these  new  stations.  The  simultaneous  levels 
flirntnate  refraction,  the  change  of  station  eliminates  curvature  and  small 
nstru mental  errors.  Uidess  good  results  are  obtained  the  levels  should  be 
tpcaied.  If  hut  one  level  can  be  used  the  operation  will  be  performed  in 
he  same  ortler,  but  the  time  occupied  in  crossing  must  be  as  small  as  pus- 
(ible.  With  a  single  Kern  level  this  process  has  given  for  a  river  815  metres! 
(ride  five  results,  the  mean  of  which  has  a  probai>Ie  error  of  j:0™».5-  (Ohio 
liver.  Cairo,  111) 

Permanent  ^engh-marks  will  be  established  at  intervals  of  3  miles  along 
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the  river  and  5  miles  on  lines  connecting  the  river  line  proper  with  ^^ 
other  levels  or  bench-marks. 

These  bench-marks  will  consist  of  a  ihorougbly  verified  tile  4  inches  In 
rS  inches  by  tS  inches  placed  3  feet  below  the  Mirface  of  the  groun :    1 
feurmounied  by  *i +-iiKh  vvroughl-iron  pipe  as  a   surface  niar£    1 
sjiould  have  time  to  settle  before  leveling  lo  it.     Both  tile  ami  pipe  ' 
suitably  marked  lo  deslg^naie  the  character  of  the  point,     in  the  cr 

c  upper  surface  of  ihe  lile  a  copper  bolt  will  be  leaded,  the  tipper  iuti-u 
c>i  which  will  be  ihe  jwint  of  reference.  These  bench-marks  wdl  be  pbcwl 
wlicre  ihey  can  be  easily  found  and  where  they  will  not  l»e  disturbol. 
Property  corners  should  be  utilisfed  where  practicable. 

In  addition  to  the  above,  benches  should  be  established  on  pertTi^nra 
brick  »r  sione  struclures  by  leading  into  ihema  horizontal  copper  b: 
the  If  '*'^  ri  S.  }\  K  M.,  and  the  number  of  the  bench-mark  cut  r 
A  sma*i .  oie  in  the  cenler  of  the  holt  will  be  the  point  of  reference. 

In  connecting  with  a  bench-mark  if  the  boll  is  vertical  the  foot  <>f  tl« 
rod  is  placed  directly  upon  il.  If  Ihe  bolt  is  bori/ontal  in  the  wall  oi  i 
building  or  other  structure,  it  may  he  best  connected  in  the  foilo\vir»g  n  u». 
ner  i  Set  up  the  instrument  \\\  such  a  position  and  at  such  an  elevatioi:  "' 
the  small  hole  in  the  bolt  maybe  bisected  by  the  middle  thread  %^' i:^ 
displacing  the  level  b]^  more  than  f\x^  divisions,  usin^j  the  elevating  scrci 
for  making  this  biseciion.  Since  the  instrument  can  be  raised  or  l0>!t=efri  , 
about  two  centimetres  by  means  of  the  levehng  screws,  the  instnmicntt 
be  placed  in  such  a  position  by  tvvo  or  three  trials, 

Nosv  bisect  liie  bei^ch*mark  with  the  telescope  normal  aiid  alsoinv 
noting  the  reading  of  llie  level     Read  the  rod  oti  the  plate  with  ll»c 
scope  in  both  positions.     It  is  necessary  to  eh  m  in  ate  collimaiion  by  im 
rng  the  telescope,  since  the  collimalion  of  the  middle  wire  is  not  the  iJ 
as  that  of  the  three  wires.     The  quantity  A  (distance  of  ;ero  at)Oft  i 
of  rod)  must  be  taken  into  account  when  a  bench-mark  is  connected  wttbi 
this   manner.      The  distance  of   bench-mark   from   instrument  mosi  '^ 
determined  and  recorded. 

Whenever  work  is  slopped  at  least  two  temporary  bcnch*mafks  sho« 
be  established.     These   will    consist  of  large  nails  or  spikes 
entire  length  vertically  into  the  base  of  trees,  or  in  the  tops  of  S!>u 

When  not  in  the  vicinity  of  trees  or  stumps,  wooden  posts  m,iy  h<  tin 
sri  in  the  ground  with  their  lop^  flush  with  itie  surface  and  n.tils  dnveiiii 
Lhem.     When  near  the  river,  lempojarv  be^^ch-marks  should  be  set  1 
two  kilometres.     Every  bench-mark  will  be  fully  described  in  a  note  ] 
kept  for  that  purpose.  '  Its  position  with  reference  to  the  most 
objects  near  it  should  be  given  by  distance  and  direction.     Pufeli* 
ings,  such  as  depots,  court-bouses,  churches,  etc.,  are  the  best  positi 
permanent  bench-marks.     In  a  village  or  town  several  nernunent  1 
marks  should  be  established  to  secure  some  one  against  loss. 

If  a  railroad  is  crosse<l  the  elevation   of  the  fool   of  the  rail  wiN 
determined,  and  if  leveling  along  a  railroad,  the  elevation  of  the  foot  s^t 
mil  at  depots  will  be  determined. 

The  elevation  of  the  ^cros  of  all  water  gauges  and  also  ihcgau^  I 
marks  will  be  determiited. 
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The  diitum  planes  of  cities  along  the  line  of  levels  will  be  connected  with 
^\A  iheir  elevations  ileciuced. 

Frequent  connections  will  also  be  made  with  the  United  States  Engineer 
bench-marks  between  St.  Paul  and  Grafton. 

jn  reducing  the  observations  the  nearest  tenth  of  a  millimetre  will  be 
retained.  The  distance  will  be  taken  out  from  the  table  to  the  nearest 
metre. 

The  limit  of  discrepancy  in  closing  a  polygon  will  be — 


^tnm  yi>|5t^ug£  in  kilometres. 

The  distance  referred  to  is  the  entire  length  of  the  polygon  fronfi'^-ench- 

nark  I  to  bench-mark  2  and   back  to  bench-mark  I,  ancf  the  lingiijt  qf  dis~ 

trepancy  refers  to  the  polyj^^ons  belween  successive  bench-marKj,  ,i  ff  ihe 

liiscrepancy  exceeds  the  prescribed  limit,  then  the  entire  polygon  must  be 

E-run  one  or  more  times,  or  until  the  difference  of  the  means  of  the  direct 

ml  reverse  results  is  within  the  limit. 

The  notes  will  be  kept  in  the  following  (orm  : 


l^t'hond  pa^.] 


BACKSIGHT. 


Thread 


b      7-9% 


vifjin        Difference 


Levifl. 


EfC. 


Object. 


Rod. 


1001.7 


4  "3 


1 1 . 1       I       1 1 . 1 

C" i 


Rcmarkss. 


FORK  SIGHT. 


LRiRht'tuind  {mrc,] 


Tliread 
f«adtng«. 


Me*n. 


of  threads. 


L«veL 


Eye,     I  CrbJ««i. 


J1.4  II, I 


Rwl. 


Kettkirks. 


INSTRUCTIONS    FOR  TOPUGRArHlCAL   AND    HVDROGRAPHICAl.    FIKLD 

WORK, 

The  objects  of  the  survey  of  the  Mississippi  River  are  lo  obtain  sufficient 
-sa^ta  for  ari  accurate  topotj;raphicid  and  bydrographical  map  which  Jnay  he 
2Sctl  in  studyvn^^  iSte  physics  I  rliiiracieri^tic^  of  the  river,  planning  improve- 

4^ 


.  ^  j  X  f  ^#  . 


covering  a  pericsa  ai  severaf  y< 
laiing  10  the  sctJt>e  of  the  vvor 
|>mnis  will  suggest  themselves 
are  met  with. 

Gintritl  msiruclwns^ — A  n 
o(  tl>e  piriy.     It  will  contam  at 
and  the  names  and  rates  of  pi 
also  give  a  detailed  account  of 
may  in  any  way  be  of  use  in  ret] 

At  tlje  heginnlng  of  each 
locahty  of  vvork»  dale*  name  of 
ment  used,  and  corrections^  if  ai 

In  recording  note?*  hard  pe 
once  been  made  U  should  never 
the  record  will  be  correcic^d  by 
wriljog  ihe  new  s^alue  above  it. 
is  ilone  should  l;e  marked  with  il| 
person  making  the  change. 

Ali  notts  should  be  so  full  ar 
by  one  who  has  not  seen  ihe  gi'c 
lo  details  which  may  stem  of  tnfl 

Ali  avadable  information  co 
which  will  aid  in  the  proper  repr 
the  map  or  be  valuable  in  the  sty 

Local  names  of  bars,  bends,  t 
noted  and  the  proper  spelling  o 
ascertained. 

Permanent  marks,  as  referent 
hshed  at  intervals  of  about  3  mil 
each  side  of  the  river  nearly  in 
nearest  the  river  will  be  placed  v 
Ihe  banks  for  20  vears  or  more 
back.     Where  the  bluffs  are  near 
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see  thai  the  work  of  each  member  of  the  party  is  properly  checked 
lly  covers  the  ground  requirec!. 

•/mrv  frianj^ttiitfhn. — Where  the  secondary  staiions  are  more  than 
i  apart  a  tertiary  system  will  be  carried  giving  points  on  either  bank 
nrals  of  a  mile  or  less.  This  system  will  begin  on  a  triangle  side  of 
iondary  system  or  a  carefully  measured  base,  and  ail  ol  Uie  available 
ary  statioiis  will  be  used  in  the  tertiary  chain.  The  tertiary  work 
iO  close  on  a  line  of  known  length  as  a  check  on  its  accuracy*  The 
»ancy  should  not  exceed  i  in  3,000.  The  system  should  be  laid  out  antl 
3fles  read  in  advance  of  the  topoj;raphers,  so  that  the  aitmuths  and 
>  of  sides  cati  l>e  used  in  checkin;f  stadia  work. 

:  station  point  may  be  marked  by  a  pole  2  inches  in  diameter  stuck 
e  ground,  and  bearing  a  red  and  white  ilag  to  distinguish  it  from  the 
ry  sounding  flags*  A  strip  of  white  cloth  wrapped  near  the  bottom 
pole  will  admit  of  the  pointings  being  made  so  low  down  that  errors 

from  disturbance  of  the  pole  by  the  wind  will  be  inappreciable. 
'  observing,  the  instrument  may  be  placed  on  an  ordinary  tri]wd  cen- 
iver  the  hole  after  the  pole  has  been  removed. 

I  angles  should  be  read  with  a  lo-sccond  instrument  in  good  adjust- 
aud  should  be  repeated  at  least  three  times  on  different  parts  of  Ihc 

check  errors  of  reading* 

s  desirable  to  have  the  first  series  read  on  azimuth.     Slaving  pointed 

first  station,  read  to  all  of  the  others  in  succession*     Pointings  should 

;  made  to  all  of  the  sounding'  flags  in  the  vicinity,  as  well  as  promi- 

tjjects  on  land,  such  as  chimneys,  houses,  etc.,  the  location  of  winch 

rve  to  check  the  topographical  work, 

-  the  second  series  slip  the  lower  limb  60  degrees  and  read  to  the 

s  in  the  opposite  order  from  the  first  series.    Slip  the  limb  the  same 

t  again  and  read  the  third  series. 

t  nver  ends  of  the  stone  lines  will  be  made  points  in  the  tertiary 

,  and  whenever  practicable  the  stones  should  also  be  located  trigono- 

lUy, 

tiary  points  which  are  likely  to  remain   undisturbed  for  some  lime 

be  plajnty  marked  with  a  strong  stake  2  feet  high,  the  number  of  the 
the  initials  of  the  observer  and  dale  being  marked  on  it  with  red 

)0graphy. — ^The  detailed  topo^^raphy  will  cover  a  belt  on  each  side 

iver,  which*  in  wooded  country  or  on  the  bluffs,  will  be  about  one- 

three-fourllis  mile  wide  and  in  open   country  may  reach  about  1| 

In  this  area  there  will  be  located,  with  transit  and  stadia,  all  points 

to  plat  accurately  tlie  important  features  on  a  scale  ol  1 : 1 0,000*     In 

'k  the  scale  of  the  plat  sliould  be  borne  in  min<l,  so  ihat  only  such 

be  instru mental! V  located  as  can  be  readily  plaited, 

'Ond  the  above  limits  outline  surveys  will  be  made  defining  streams, 

ind  the  foot  and  main  crests  of  bluffs  with  approximate  elevations  of 

b^ithin  a  limit  of  10  miles  of  the  river     This  work  will  be  run  with 

nsit  or  compass  and  stadia,  and  will  frequendy  be  connected  with 

ailed  topography- 

ih^iimtls  of  ihe  detailed  area  there  will  be  located  the  top  and 


1 

1 

tion  of  the  section  surveyed. 

A  suflicicE^i  number  of  elev 
to  admit  o\   pmiing  hi  con  to 
require  cross  sections  at  inter\ 
crably  be  the  continuation  of 
between  the  lines  should  alsi 
are  found  they  should  be  beat 

When  the  trees  are  too  clo 
nrvorc  expeditious  and  suflficier 
obtaining  the  direction,  as  it  v 
tiate  stakes. 

The  bluffs  within  the  deta 
feet  apart»  the  bluff  curves  bein 
outline  area  may  be  shovvn  by 

Boundary  lines,  such  as  Sta 
limits  of  the  survey,  will  be  car 

Section  or  township  corners, 
connected  with. 

Great  care  must  be  taken  in 
of  the  lines  must  be  accurate!? 
fully  read*  both  forward  and  E 
menially,  and  when  practicable^ 
be  read,  and  readings  will  be  \ 
on  the  located  positions  of  the 
time,     A  careful  sketch  and  mi 
mark  thus  located. 

All  sounding  flags,  waier  ^a 

In  running  the  main  transit 
will  be  made  to  known  points  < 
of  the  posiiions  given  for  the 
fact  be  made  use  of  in  all  parts 
distance  may  be  t] elected  and  1« 
ing  errors  of  p(j?.]tii>n  it  ^mv  otc 
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fach  and  each  slake  will  be  marked  vvjlli  its  proper  number  and 
f  the  observer  so  that  it  can  be  readily  identified  when  connccied 
ers. 

sketches  \si\\  be  made  m  the  field  of  the  entire  area  surveyed 
a  ted  points  will  be  indicAied  on  the  sketches  and  numbered  to 
with  the  pointings  in  the  notes  so  there  will  be  no  difficulty  in 
the  points  properly  on  the  field  plats.  The  character  of  ihe 
river  bank  will  be  frequently  noted  so  as  to  show  whether  it  is 
:e,  loose  rock,  sand  or  ^ill,  steep  or  slopin^j.  caving  or  stable, 
on  azimuth  and  elevatiori  should  be  frequent,  and  when  obtained 
larked  in  the  notebook  in  such  a  way  that  the  amount  of  error 
nly  shown  and  where  the  correction  should  be  applied.  Notes 
t  full  in  this  particular  will  always  be  open  to  suspicion  which 
Joubi  on  the  observer's  honesty  and  the  reliability  of  his  work, 
ancles  in  closing  on  triangulation  points  should  never  exceed 
zimuth  or  I  in  500  in  distance.  As  a  rule  the  discrepancies 
ar  withit*  these  limits. 

cs  will  be  kept  m  the  following  form  on  the  left- hand  page  of 
4,  the  other  page  being  reserved  for  redact  ions,  sketches  and 


lilljpa  Landicig,  Nov.  ^,  iSSj.    last  Wurd,  No.  154— Dis  Short  t  in  too,  Ai.  Cor, 
F.  a.  Maltby,  obacrvtr.    F-  P.  Gibtw.  rccofdcr  | 


No.  of 

polntiiif. 


Ven  A. 


95    10 

f47      *6 


Vw.  B. 


Dtstjuice. 


VwirwICDi 


Vertical 


15a 

(Rigbt-liaiid  pA^ed 


<i».J 


ry  /^^Wjf.— There  will  be  a  line  of  levels  run  along  each  bank  of 
le  ordinary  Y  ^^^'^'  being  used  for  that  purpose, 
ling  points  will  he  numbered  so  ihat  the  topographers  can  read- 
the  points  connected  with* 


SUHVEy^lNG 


The  ordinary  levet  lines  will  connect  with  all  precbe  bench*fi 
their  vicinity.  ' 

The  errors  of  closure  shoult]  not  \t\  any  caae  excee^l  0,2  feel  fori 
est  iniervnls.  The  two  lines  will  check  on  each  other  at  inieiTil 
more  than  3  miles  or  in  the  vicinity  of  each  stone  line. 

The  elevations  of  stone-lirke  bench-marks  wilt  be  delernnineii  b 
caie  lines  of  levels,  the  discrepancies  between  vvhich  should  not 
O.QS  feet.  The  adopted  elevation  will  be  the  mean  of  the  two  del 
lions. 

The  elevations  of  all  permanent  stations  near  the  river,  except  t 
the  blufifs,  will  be  determined^  liench-marLs  witl  also  be  esiablid 
each  bank  at  intervals  of  about  a  mile.  These  may  he  placed  on  hu 
trees,  or  other  permanent  objects  near  the  river.  A  careful  desc 
sketch  of  location,  ami  correctt-d  elevations  of  all  bench-marks  wilU 
and  enieretl  in  a  book  kept  for  that  purpose.  These  i^otes  should  \k 
as  to  enable  ot^e  not  familiar  with  the  ground  to  find  th«?  marks  eH 
the  lapse  of  several  years"  time* 

All  water  gau^res  will  he  connected  with  by  duphcate  imcstK 
from  thenearest  bench-marks  and  the  elevations  of  their  zero  poiwts 
in  the  gauge  book.  The  elevation  of  the  ztro  should  be  tested  udj 
there  is  a  probahility  that  the  g:ciuge  has  been  disturbed* 

The  elevations  of  the  water  surface  will  be  determined  ^tl  the 
ties  of  sounding  tines  at  intervals  of  not  more  than  400  metres,  unfJtl 
of  the  observation  wilt  also  be  entered  in  the  notebook.  This,  whi 
reeled  for  change  of  stage,  as  shown  by  the  local  fjaugt^  readinjjs, 
the  slope,  and  also  serve  to  check  large  errors  in  leveling. 

Elevations  of  transit  stakes,  high^waier  marks,  ;ind  surface  of  gffl 
sounding  flags  will  be  determined  whenever  it  is  praciicalile. 

Level  notes  will  be  kept  in  the  following  form  on  the  left-lunilp 
the  notebook,  the  other  page  being  reserved  for  sketches  and  rcniari 
[ft.  B.  near  Grand  Tower^  December  is,  t8B4^    Iiut..  B.  A  B.  t|o     M.  GreentrtMri, 


Stations. 


T.  RT13. 


B.a 


4.3adi 


4.cr|i 


Ht.  Inst. 


34' '399 


f.S. 


i% 


River  crossings  for  connecting  the  two  linrs  of  levels  will  be  m^M 
two  observers  taking  ten  simuUaneous  readings  across  the  river  to  OJ 
diftclions.  Then  tlie  observers  and  insi  rumen  Is  should  change  pi. 
repeal  ihc  ohservations. 

The  instruments  should  be  in  good  adjustment,  and  when  oticcN 
for  the  long  distance  should  not  Ive  changed  until  the  observatiom if 
pleted.  The  mean  of  the  values  thus  determined  will  l>e  taken  asil 
value. 

Hydrography.'*^ k  continuous  record  of  the  stage  of  the  titer 

•  For  smaller  rivers  the  entire  survey,  including  location  of  scundingSti 
be  done  by  the  stadia.  See  pJiper  by  J.  L.  Van  Ornum*  C,  E,^  in  J^mwl 
Assoaaiion  q/  EngiHitring  S&cutus^  vol.  3ttv»,  p,  2ig* 
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tl  from  a  suitable  gauge  read  thr^e  times  a  rlay,  its  zero  being  refeireU 
nown  bench-mark  as  soon  ailer  k  is  set  as  practicable, 
unding  lines  will  be  run  normal  lo  the  stream  al  intervals  of  250 
s,  aniJ  the  sound  in -,'5  on  ihese  lines  will  be  as  dose  together  as  prac- 
e.  These  lines  will  be  numbered  consecutively, 
continuous  longitudinal  line  passing  through  the  deepest  water  on 
section  will  be  soundctl, 

I  all  crossings  there  will  be  sufficient  soundings  to  determine  the  least 
lel  depth  l^etween  the  pools. 

s  many  soundings  as  practicable  will  Jte  located  by  means  of  angles 
simultaneously  between  located  points  on  shore,  with  two  sextants  in 
funding  boat  Intermediate  soundings  can  be  interpolated  by  taking 
at  equal  intervals  of  lime* 

le  character  of  the  bottom  will  be  frequently  determined  by  means  of 
I  wed  lead* 

water  less  than  10  feet  deep  it  is  conve?iient  to  use  a  pole  divided  lo 
nd  tenths.     A  to- pound  lead   is  suitable  in  water  from  10  10  40  feet 
In  greater  depths  it  is  desirable  to  use  a  lead  weighing  from  15  to 
Linds. 

firmly  twisted  or  braided  hemp  lead  line  iKree-cighths  of  an  inch  in 
iter  should  be  used.  U  should  be  marked  with  leather  or  cloth  tags 
urvals  of  one  foot,  the  lo-foot  marks  b<;!ng  made  conspicuous.  The 
1  of  the  lead  line  from  the  end  of  the  l«^ad  to  each  10-foot  mark  must 
ted  at  the  beginning  ^n^  end  of  each  day's  work  and  the  result  entered 
notebook.  The  lead  line  should  be  accurately  marked,  so  as  to  avoid 
tions  as  far  as  practicable, 

te  beginning  of  each  line  sounded  will  be  headed  in  the  notebook  with 
imber  of  the  section.  A  description  of  the  character  of  the  banks 
:rvats  of  about  half  a  mile  will  also  be  entered  in  the  notebook, 
^e  elevation  of  the  water  surface  at  the  time  of  soimding  xrx^y^  be 
nincd  for  each  line  by  means  of  the  levels  as  already  described 
the  head  of  ordinarj^  levels, 
le  notes  will  be  kept  in  the  following  forms ; 

S&unding  in  the  vidnity  of  St.  Louis,  November  ij,  iSSp. 

^  Harmaofit  G.  W.  Wiancf^  ^bfieriiref^;  D,  E.  PerltifiSp  fecanJef  *  J.  SttJti,  leadsoian.] 
band  page  J 


Time. 


Aug tci  itnd  mn^e^N 


of 
tx>t|ciilk 


pUgfal-^iaiid  ppfc.] 


I  ric  wui  K  wjii  i#c 


yjia 


26  by  30  inches  in  size*  oii^ 
circle  divided  to  i5-minui€S| 
nates. 

ParalleU  and   nxi^ri<Uaas. 
plats  and  shown  by  fine  red 
stations  will  be  platted-     As  t 
it  should  be  carefully  done  an 
stations,  stadia  stakes,  and  sc 
marked  on  the  plats  in  red  in! 

All  of  the  detail  must  be 
shots  when  such  are  available 

The  contour  lines  and  oth 
observer  who  located  them  in 

Field  plats  will  be  laid  out 
river  with  the  adjacent  topogr, 
ticable.     If  the  sheet  is  not 
new  sheet  rather  than  enlarge 

Banks  that  are  too  steep 
abrupt  banks  of  less  than  5  fee 

The  elevations  of  water  st 
written  on  the  plats. 

All  field  plats  must  be  com 
tect  any  instrumental  errors  in 
of  reach.     Hard  pencils  will  b 

Each  field  plat  will  bear  a  ; 
the  chief  of  the  party,  the  obse 
of  the  notebooks  from  which  1 
mation  that  may  be  useful  m 
should  be  noted  as  the  work  is 

Care  must  be  taken  at  the  < 
cessive  pUits  join  properly,  anc 
by  the  survey. 
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kh  connect  lakrs  and  swamps  or  other  drainage  areas  with  ihe  river 

1  carry  water  to  or  from  the  Utter,  as  the  stage  varies. 

Minor  s\vampy  conduits  vviJl  be  calle<l  sloughs.     This  applies  only  lo 

A  as  are  not  clesignated  by  local  names. 

The  character  of  the  material  composing  the  bars  and  b^nks  of  ihc  river 

I  be  frequently  noied  and  carefully  described,  . 

The  names  of  propeny  owners  or  residents,  of  landings,  wood-yards, 

Is,  patches  of  limber,    islands,   chutes,   bends,  bars,  points,  and  other 

1  names  necessary  to  a  full  descriplton  of  the  st^ciion  surveyed  will  be 

r  noted  and  entered  on  the  field   plats.     The  bl lowing  signs  and  abbre- 

kms  will  be  used  :  secondary  stations,  @  ;  tertiary  stations,  A  ;  transit 

;«s,  13;  sound  mg  flags,  ©.     Turning  points  iJi  leveling  notes  will  be 

Sten  T.  R;    bench-marks.    B.  M.;   temporary  bench-marks,  T.  B,  M.  ; 

precise  b<fnch-marks,  V.  B.  M. 
Dn  the  field  plais  the  precise  bench-marks,  with  their  numbers  and  elc* 
ons,  will   be  written    thus:    P.  B,  IVI.  27  0  2l8',033  i   stone-line  bench 
'Icsthus  :  B.  M.  ^p  [T] 219. 23,  in  which  the  numerator  is  the  number  of 

stone-line,  and    the  denominator  the  number  of  the  stone  on  the  line 
coTied  from  the  outer  stone  on  the  left  bank* 

The  stone  lines  will  be  numbered  consecuti^^ely  up  stream,  beginning 
•  number  i,  near  Cairo,  IlL 

%ll  ele%^tions  in  the  topographical  work  will  be  referred  lo  the  Mem- 
^datum  plane- 

To  reduce  elevations  from  the  Cairo  datum  to  the  Memphis  datum  sub- 
t  13.15  feet  from  Cairo  datum  elevations. 
^he  approiimate  mean  Gulf  level  is  8.ij  feci  above  the  Memphis  datum 
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A  m 


A  GREAT  difference  of  of 
much  of  the  informaiion 
should  be  furnished  to  the  i 
believed  that  some  survey  on 
a  survey  and  map  and  as  lo 
keep  what  are  called  private 
must  keep  notes  of  all  surv 
The  extent  to  which  these 
writer  not  to  have  been  fully 
arisen  the  difference  of  opmi 

The  present  article  is  an 
has  n£>l,  so  far  as  the  observa 
fore  fully  considered.     An  er 
young  surveyor  a  line  of  act 
vantage  to  follow,  as  well  as 

In  this  discussion,  the  qu 
once,  and  the  answer  obviou 
discussion  will  be  confined  1 
purpose  of  subdividing  a  la 
sold,  or  surveys  made  for  tl 
tract  the  description  of  whi 
the  description  when  the  bou 

The  principle  to  he  enu 
be  it  railroad,  canal,  bridge, 
understood  in  all  such  survey 
havifig  to  do  with  land  surve 

A  t»urvcy  is  "the  operatio 
or  ('//wr  /?.f///.  /i/jizx-flLamt 


APPENDIX  G. 


725 


of  tlic  g^rcjund  and  iHe  work  done,  should,  together  with  the  notes*  show 

all  <yi  the  items  mentioned. 

The  object  of  estabitshing  monuments  or  iiorners  and  describing  ihem 
is  a  double  one^  vi?.;  ihe  marking  on  the  ground  ol"  ibe  boundaries  of 
the  tract,  and  the  securinj^  of  dctinile  iniormation  as  lo  the  location  of  the 
tract  with  reference  to  other  points  or  tracts,  so  that  from  this  information 
the  land  may  at  a  future  time  be  found. 

The  survey  is  not  complete,  therefore^  till  the  corners  are  fixed,  infor- 
mation that  wiii  presence  their  location  obtained,  and  the  same  delineated 
on  a  map  and  its  accompanying  notes. 

The  doing  of  ail  this,  then,  constitutes  the  survey.  To  whom  belongs 
the  survey  ? 

It  would  appear  to  be  evident  that  it  belongs  to  the  individual  wivo 
pays  to  have  it  made.  It  is  not  readily  seen  in  what  way  the  survey,  or 
any  part  of  it,  becomes  the  sole  properly  of  the  surveyor* 

The  surveyor  may  keep  a  copy  of  his  notes  to  facilitate  his  future  work, 
but  he  has  not  the  shadow  of  a  claim  to  a  single  note  the  lime  for  taking 
which  has  been  paid  for  by  his  employer 

If  his  charge  for  his  work  is  on  a  iimc  basis,  there  can  be  no  question 
as  to  the  correctness  of  the  above  proposition.  If  he  takes  the  work  for  a 
definite  sum  for  the  entire  job,  he  may  take  as  much  time  as  he  likes  and 
as  many  private  notes,  but  he  is  bound  in  honor  lo  return  to  his  employer 
the  complete  survey,  and  if  he  does  so,  it  is  not  obvious  that  the  privaic 
notes  would  thereafter  be  of  great  assistance  to  him  in  securing  further 
work,  particularly  wh^n  it  is  remembered  that  protessional  men  of  repute 
do  not  bid  against  each  other  for  professional  work. 

His  reputalton  for  accuracy  and  honesty  will  be  afar  more  potent  factor 
in  securing  employment  than  any  set  of  private  notes  fairly  obtained. 

It  is  true  that  a  great  manv  surveyors  hold  a  different  opinion,  and  pur- 
posely return  their  maps  anrf  notes  msuch  condiiion  that,  while  they  may 
answer  the  purpose  for  which  they  arc  primarily  made*  they  do  not  leil 
the  whole  story,  nor  enough  lomake  it  easily  possible  for  another  surveyor 
to  re-locate  the  tract  surveyed.  When  this'  is  done,  the  |>erson  ordering 
the  survey  does  not  receive  what  he  pays  for.  Something  is  withheld.  It 
seems  to  need  no  argument  to  show  that  tliis  is  radically  wrong. 

But  there  is  another  reason  for  condemning  this  practice. 

The  correct  and  permanent  location  of  all  public  land  lines,  as  streets, 
ftlleys,  etc,,  as  well  as  the  permanent  location  of  party  lines  between 
private  ow^ncrs,  is  a  matter  of  the  gravest  importance,  and  no  information 
that  will  at  all  serve  to  definitely  fix  such  lines  in  their  correct  positions  for 
all  lime  should  be  withheld  from  the  owner  who  pays  for  the  survey,  be  it 
private  citizen,  municipality «  county,  or  State, 

The  records  of  monuments  and  street  lines  made  by  a  city  engineer  arc 
!io  more  his  private  property  than  are  the  records  in  the  offices  of  the 
clerk,  auditor,  or  treasurer  the  properly  of  the  individuals  who  hold  office 
at  the  lime  the  records  are  made. 

The  correctness  of  the  position  assumed  has  been  indicated  by  court 
decisions,  A  great  deal  of  laxity  is  shown  in  the  conduct  of  offices  of  city 
engineers  and  county  surveyors* 


1 

1 

The  writer  believes  that  a  di 
regard  \o  lliese  offices. 

He  believes  that  in  every  cas 
%vith  such  salariefl  assistants  as  i 
should  be  prescribed  for  performi 
surveyor  may  be  c*illcfl  upon  to  do 
political  division  whose  servant  he 
connected  wilh  public  constructioi 
should  be  returned  to  the  public  tn 

Their  amount  may  be  reguiated 
aggregate  a  sutyi  sufficient  to  pay  i) 
of  course,  not  cover  work  of  a  privai 
lines.     But  the  entire  public  is  inie 
and  all  records  concerning  them  mi 
public  properly.     The  writer  has  h\ 
class  of  work,  and   never  declined  ' 
nation  in  his  possession  that  woulc 
truth  in  surveys  he  might  have  undfl 

The  writer  believes  that  the  pen 
a  matter  to  be  subject  to  avaricioi 
that  all  the  surveyors  in  a  given  di 
their  correct  places  aH  lines  within  1 

To  this  end  the  returns  ot  every 
thoroughly  complete.     Maps  made 
so  finished  as  to  enable  any  surv^eyo 
uncertainty  as  to  the  correctness'  o 
few  instances  is  well  known  to  eV 
examine  public  records  for  data  foi 
^^n^£MfK^    make. 
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there  is  nothing  whatever  10  guide  either  owner,  surveyor*  attorney,  or 
recorder  in  the  matter  In  the  county  records  in  such  States  anything  that 
IS  made  op  of  lines  and  figures,  either  drawn  by  hand,  photo-lithographed, 
or  simply  printed  with  ''rule*'  and  type  ajid  labelled  ''This  is  a  map/'  is 
considered  a  Siifficieni  basis  lor  the  correct  description  and  location  of  the 
property  It  purports  to  represent.  The  records  are  full  of  auctioneers' 
circulars,  manufactured  in  a  printing-office  from  information,  coming  from 
laobody  knows  where,  filed  at  the  request  of  the  auctioneer's  clerk, 
•'with  no  name  of  owner  or  other  interested  party  attached^  except  as  the 
name  of  the  auctioneer  ap^jears  in  the  accompanying  advertisement. 
JFurther  than  this*  these  maps  are  frequently  purposely  distorted  to  create 
a  favorable  impression  of  the  property  to  be  sold.  Wide  streets  are  shown 
where  only  narrow  ones  exist,  streets  opened  for  the  full  width  where 
they  have  been  opened  for  but  half  their  width,  rectangular  subdivisions 
that  really  may  not  be  even  parallelograms,  etc.,  etc.  Such  maps  as  these 
frequently  form  the  only  basis  for  the  description  and  location  of  the 
property  they  are  supposed  to  represent.  This  circular  business  is  bad, 
-r^r^  bad  for  those  who  buy  :  but  is  the  information  given  by  Oiese  circu- 
lars much  worse  than  ihat  furnished  by  many  of  the  maps  made  by  sur- 
veyors and  filed  at  the  request  of  the  owners  ? 

On  these  plats,  if  of  "additions,"  we  find  lines  indicating  the  boundaries 
of  blocks  and  lots,  all  of  which  blocks  and  lots  are  numbered  :  the  names 
of  streets  appear  in  neat  letters;  a  few  dimensions,  possibly  all  linear 
dimensions,  will  be  given  ;  the  streets  or  blocks  may  be  tinted  with  soft 
and  delicate  tints,  and  the  whole  set  off  with  an  clegaiil  border  and  title. 

As  an  exhibition  of  the  draughtsman's  skill  these  maps  are  perhaps 
valuable.  As  a  source  of  information  as  to  the  location  of  the  lines  they 
purport  to  show,  they  are  worth  about  as  much  as  the  auctioneer's  circular. 

Perhaps  they  have  a  few  more  figures,  and  the  presumption  may  be  a 
Jlttle  stronger  that  the  figures  are  correct. 

Examine  one  of  these  maps  closely.  There  will  be  found  no  evidence 
that  a  monument  has  been  set  in  the  field  ;  not  an  angle  recorded,  though 
the  lines  may  cross  at  all  sons  of  angles ;  and  dimensions  given  that  do 
not  agree  among  themselves,  so  that  the  angles  cannot  be  calculated. 

There  will  be  Ibund  no  name  slg^ned.  except,  possibly,  that  of  the  sur- 
veyor, who  thus  advertises  either  his  stupidity  or  something  worse.  Let 
us  be  kindly,  and  call  it  stupidity. 

Frequently  no  monuments  are  set  except  small  stakes  aA  the  corners  of 
the  blocks  ■  but  the  fact  that  even  such  stakes  have  been  se*  is  not  recorded 
on  the  plot. 

One  who  is  acquainted  with  the  practice  of  surveyors  in  a  given  district 
knows  at  what  point?^  to  look  for  such  stakes,  and  if  they  have  been  set  and 
not  pulled  out  to  make  room  for  a  fence  post  or  building,  he  may  succeed 
ill  finding  them.  Some  surveyors  have  a  practice  of  setting-  s'akes  a  certain 
distance  away  from  the  point'  ilie  stake  is  supposed  to  marlc^  but  no  mention 
of  this  fact  appears  on  the  map.  In  fact  the  map  is  so  drawn  thai  no  one 
but  a  surveyor  who  made  it  can  write  a  description  of  anv  one  of  the  par- 
cels of  land  shown,  ncir  correctly  locate  it  on  the  grounci.  Furthermore, 
the  surveyor  himself  finds  it  impossible,  alter  the  lapse  of  a  few  years  and 
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that  a  radical  change  is  needed 
lo^vns,  and  additions,  not  to  meni! 
may  he  necc?»sarv  to  lay  out  aad  d 

So  long  as  fallible  man  is  respo 
and  ijescnptions  of  properties,  so 
possible  to  greatly  re* luce  their  nu 
fully  persuaded.     What  \^e  have 
at  most  I  hey  are  very  imperfect  n 
thus  seems  to  be  a  very  pertinent  < 

A  map  of  a  city,  town,  or  addit 
basis  for  the  description  oi   prope 
necessary  to  the  proper  descripii' 
shown,  and  also  of  the  whole  pie 
location  of  the  whole  tract  to  the 
larly  should  this  be  <kme  when  an 
To  acromplish  these  things  there  s 
items  : 

1.  The  lengths  of  all  lines  showi 

2.  The  exact  angle  m.tdc  by  all 

3.  The  exact  position  and  chara 
reference  points. 

4.  The  number  of  each  block  atl 

5.  The  names  of  all  streets,  stra 
lam  marks, 

6.  The  scale. 

7.  The  direction  of  the  meridia 
magnetic  meridian  is  shown^it  sh( 

8.  The  angles  of  hilertieciion  m 
j^             with  the  boundaries  s^f  the  Trarr  ma 

r 


of  each  street.     If  these  monumenls  :ire  not  placed  on  the  centre  lines  of 
the  streets,  ihey  should  be  placef!  at  uniform  distances  from  the  centre  or 

ErDpcTty  lines/  If  placed  with  relercnce  to  the  centre  line,  they  should  all 
e  jibccd  on  the  same  side  of  the  ceiurc.  In  streets  extending  east  and 
west  the  monuments  should  all  be  on  the  north  of  the  centre,  or  they 
should  all  he  on  the  south,  and  at  uniform  distance.  In  streets  extend ing^ 
nonh  and  south  the  monumenls  should  all  be  on  the  east  of  the  centre,  or 
aJl  on  the  west, 

I'niformity  in  such  practice  saves  a  vast  anriount  of  lime. 

Monuments  may  he  set  at  uniform  distances  from  the  block  lines,  in  the 
sidewalk  area,  and  this  is  an  excellenl  practice* 

The  stakes  or  monumenls  set  at  the  corners  of  the  blocks  in  additions, 
or  lo%vn  sites,  should  never  be  the  only  stakes  or  monuments  sei  in  the 
tract. 

That  the  map  may  be  reliable  there  should  appear  on  it  the  foUowin^: 

1,  The  ceriibcate  oS  the  surveyor  that  he  has  carefully  surveyed  the 
land,  that  the  map  is  a  correct  represeniation  of  the  tract,  and  that  he  has 
set  monuments  (to  be  described)  at  the  points  indicated  on  the  map. 

2.  The  acknowledged  signature  of  all  persons  possessing  title  to  any  of 
the  land  shown  in  the  tract,  and,  if  possible,  those  ol  adjoining  owners. 

3,  It  of  an  addition,  the  acknowledged  dedication  to  public  use  forever 
of  all  areas  shown  as  streets  or  roads. 

4.  If  a  street  of  full  width,  whose  centre  line  is  a  boundary  of  the  tracts 
b  shown,  the  acknowledged  signature  of  the  owner  of  the  adjoining  prop- 
tftf,  unless  his  half  of  the  street  has  been  previously  dedicated, 

"h  has  been  already  stated  thai,  in  some  Slates,  a  map  may  be  filed  at 
the  request  of  any  person,  and  without  signature. 

This  practice  frequently  leads  to  trouble.  The  writer  knows  of  cases 
in  which  owners  of  lar^e  tracts  of  land  hav*e  had  those  tracts  subdivided 
and  have  taken  land  ot  adjoining  non-resident  owners  for  street  purposes 
without  the  consent  or  knowledge  of  those  owners.  When  ai  a  later  day 
Ihc  owners  of  the  land  so  taken  have  objected  and  attempted  to  close  half 
of  the  street,  trouble  of  a  serious  character  has  arisen.  The  same  trouble 
has  occurred  where  streets  have  been  run  through  narrow  gores  of  land 
and  have  subsequently  been  completely  closed,  leaving  houses  built  on  the 
mapped  property  without  outlet.  Time  and  again  have  cases  of  this  sort 
CO nne  to  the  knowledge  of  the  writer. 

Having  pointed  out  certain  evils,  it  remains  to  suggest  a  remedy. 

It  lies  in  the  enactment  of  a  law*  in  each  State  governing  these  matters. 

There  should  appear  on  the  statutes  of  every  Stale  a  law  explicitly 
defining  what  shall  appear  on  every  map  filed  for  reference,  and  making  it 
a  mistlemeanor  to  file  a  map  that  An^^  not  strictly  conform  to  the  dehnt- 
tion. 

In  the  absence  of  such  laws  it  is  bcHeved  that  the  young  surveyor  can 
assist  greatly  in  a  much-needed  reform,  by  following  the  principles 
suggested  in  this  paper  as  the  correct  ones,  and  avoiding  the  errors  here 
indicated* 

ll  is  hoped  that  those  graduates  tit  our  engineering  schools  who  dnfl 
into  this  class  of  work  wtll  be  guided  hy  a  higher  principle  than  that  which 
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iXRUCTIONS    RELATIVE     TO     MAKING    AND    FILING    OF 
TOWN,  CITY.    AND   VILLAGE   PLATS   IN   THE  STATE    OF 
I  MICHIGAN. 

Auditor  General's  Office,  1 

Lansingp  Mich .,,*..  189..  f 

By  Act  No.  309,  Laws  of  1887,  important  amendments  have  again  been 
ide  lo  Sections  t  and  2  of  Chapter  32  of  Howell's  Annotated  Statutes  in 
fard  to  the  recording  of  town  plats  and  the  vacating  of  the  same*  These 
lend m ems  look  effect  September  38.  J 887,  and  all  plats  made  on  or  after 
M  date  must  be  in  conforniiiy  therewith. 

^  L  In  making  the  strKVEV  it  is  required  that  "  permanent  monuments 
ial)  be  located  in  the  gronnd  at  all  angles  in  the  boundaries  of  the  land 
fttted,  and  at  all  ihe  intersections  ol  streets  or  streets  and  alleys,  as  shown 
I  the  map  or  plat,  and  when  there  arc  permanent  objects  in' the  vicinity 
ii  such  monuments  the  bearings  and  distances  of  such  objects  shall  be 
Hed.  The  character  of  the  monuments  and  the  bearings  and  distances 
'Such  witness  points  or  objects  shall  be  distinctly  given  m  the  most  con- 
Nent  manner  on  the  plat. '  The  exact  position  of  the  monuments  should 

indicated  011  the  plat  by  a  small  circle  or  cross. 

2.  If  the  plat  be  of  a  town,  city  or  village,  the  full  name  of  such  town. 
f  or  village  must  appear  as  the  title  or  name  of  the  plat :  tf  the  land 
tted  be  an  addition  to  or  a  subdivision  of  a  town,  city  or  village  already 
Ited,  then  let  the  title  of  the  plat  include,  with  the  name  of  sucTi  addition 
iubdi vision,  the  name  of  the  town,  city  or  village,  as  the  case  may  be, 
Vhich  such  plaited  land  is  a  subdivision,  or  to  which  it  is  an  addition. 

3,  The  plat  must  be  on  a  scale  showing  not  more  than  two  hundred 
1  to  an  inch,  and  on  good  muslin-backed  paper,  18x34  inches  in  slm  ; 
f::crtificates  must  be  written  or  printed  on  the  paper  on  which  the  plat  is 
de,  and  on  the  same  side  of  the  sheet. 

4,,  The  sections  and  parts  of  sections  platted  must  be  designated  by 
ts  with  appropriate  letters  and  figures.  In  case  of  a  subdivision  of  lots 
blocks  of  a  previous  survey,  the  outlines  of  the  original  or  previous  lots 
blocks  so  subdivided  must  be  designated  by  lines  w^ich  must  be  marked 
t^  appropriate  letters  and  figures.  This  must  be  done  in  such  a  manner 
to  show»  without  reference  to  the  written  description,  the  starting  point 
I  the  course  and  length  of  each  of  the  outlines.  Where  any  of  tne  out- 
^s  are  identical  and  co-terminus  with  the  lines  of  a  previous  survey  or 
t,  it  will  be  sufficient  to  give  the  destination  of  such  outlines  as  given  In 
h  previous  survey  or  plat. 


5.  The  land  platted  is  to  be  fully  describcrl  in  writings &r priniing'^m 
the  paper  on  which  the  plat  ts  drawn.     This  description  must  bes«C(mv 
plete  that  from  it,  without  reference  to  the  plat,  the  starting  point  can  ^ 
determined   and  the  outhnes   run.     In  connectioifi  with    the  d'-- 
should  he  a  short  and  simple  form  of  dedication,  which  must  be  -*  . 

the  proprietors  and  their  wives,  whose  signatures  must  be  witnc- 

whose  execution  of  the  dedication  must  be  acknowledged  asdec<; 

ing  land  are  required  to  be  witnessed  and  acknowdedged.  j 

6.  There  mu:st  be  drawn  upon  the  plat  a  plain  designatioo  oftfaeci^J 
dinal  points  and  a  correct  scale.  Jfl 

7.  Where  all  the  lots  in  any  block  are  of  tnc  same  dimensJons,  ft  ij|^| 
tic  sutTicient  to  mark  the  precise  length  and  width  upon  one  tier  tJ)<(i|^| 
but  all  gores,  triangles*  or  other  lots,  which  are  not  either  squanesor^H 
aUelograms,  shall  have  the  length  of  their  sides  plainly  defined  by5|i)^| 

8.  The  streets  must  lae  named  or  numbered  and  their  course  and  wi^H 
designated.     All  public  grounds  and  alleys  must  be  properly  dcsjgni'jc^H 

g.  The  surveyor  must  certify  that  the  plat  is  a  correct  one  and  tbf^H 
monuments  described  in  it  have  been  planted  as  therein  describeil,      ^H 

10.  Detached  parcels  cannot  be  included  in  one  plat,  nor  can  morttl^H 
one  plat  be  made  on  one  sheet.  Contiguous  parcels  owned  by  drilei^^H 
parties  may  be  embraced  m  one  plat,  all  joining  in  the  cjcecotion  ^H 
acknowledgment ;  it  is  not  necessary  to  specify  the  particular  pii^rcl^| 
belonging  to  each.  ^| 

11.  Before  a  plat  shall  be  recorded,  and  before  any  copies  arc  ini^| 
therefrom,  the  "  original  '*  must  be  forwarded  to  the  Auditor  General  br  ^| 
approval  ■  if  found,  in  his  opinion,  to  conform  to  law,  it  will  becadoT^H 
as  approved  and  returned  to  the  person  sending  it*  ^H 

12.  For  the  purpose  of  recording,  an  exact  copy  is  to  be  made  from^H 
original  after  it  has  been  approved  by  the  A uai tor  General,  which  «^H 
must  have  copied  upon  it  the  Auditor  Gencrars  endorsement  of  app^^^J 
Mid  then  be  certified  as  follows  :  ^H 

State  of  Michigan,        \  ^^  ^| 

County  of,  .......... ,  f  ^^'         We -  .<ll;^H 

of  Deeds,  and  . . , . . , , Surveyor,  hereby  oerw^H 

we  have  each  carefully  compared   this  copy  with  the  original  P^l 
*..... and  that  it  is  an  exact  copy  thereof aii^H 

the  whole  of  such  original  map  or  plat,  ^1 

Register  of  Decti^H 

, Sunrcyt^ 

13.  The  "copy  "  so  certified  is  to  be  delivered  to  the  Register  of  D^B 
and  filed  as  the  record,  and  must  have  the  proper  enciorsement  of  r«^H 
made  tipon  it.  No  '*  copy**  can  be  received  (or  record  unless  the  A^^H 
Generars  certificate  of  approval  is  copied  thereon.  The  transcript  J^H 
the  record  that  is  to  be  filed  in  the  office  of  the  Auditor  General  >fi^H 
have  copied  upon  it  the  above  ccrtiticate  of  comparison  of  the  '*copy"^B 
the  original,  the  approval  of  the  Auditor  General,  and  the  certiftcateoB^B 
Register  of  Deeds  as  to  the  time,  volume  and  page  of  the  record.  Tb«^| 
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lowing  certiiicalc  of  comparison  with  the  record  must  thtn  be  made  uponl 
the  transcript,  which  should  at  once  be  filed  with  the  Auditor  General : 

State  of  Michigan.        ) 

f        County  of ....... . j     ■        We * ^ Register 

©r  Deeds,  and ,..,.,.,, ...... Surveyor,  hereby  certify  that 

we    have   each  carefully  compared   the  annexed    copy   with    the    plat  of 
.now  of  record  in  the  oftrce  of  saitl  Register 

tTTTLB   OF   PLAT.J 

of  Deeds/ and  that  it  is  a  true  transcript  therefrom  and  of  the  whole  of  such 

record, 

Register  of  Deeds* 

,...,... Surveyor. 

14.  The  Register  of  Deeds  is  entitled  to  a  fee  of  $2.00  for  each  plat 
recorded  by  him.  and  each  plat  filed  with  the  Auditor  General  must  be 
accompanied  by  ihe  legal  fee  oi  $1.00  for  the  benefit  of  the  State* 

r5.  The  foregoing^  is  not  intended  10  be  a  perfect  manual  containing  all 
ihat  is  embodied  in  the  law,  but  to  call  attention  to  points  in  which  plats 
arc  most  likely  to  be  defective. 

16.  Every  plat  sent  to  the  Auditor  General,  either  for  approval  or  for 
filing  in  his  office,  should  be  accompanied  by  the  name  and  postoflfice 
address  of  the  person  sending  it,  to  insure  proper  return. 

17.  The  law  of  1887  is  appended  for  convenient  reference  ;  it  should  be 
cartfuliy  studUd  and  ail  its  requirements  aS served,  (Omitted  in  this 
Appcndijc.) 

iS.  Observe  the  rcauiremcnts  of  Section  135,  General  Tax  Law  of  1895, 
which  is  hereto  appended. 

19.  The  following  resolutions  were  adopted  by  the  Michigan  Engineer- 
ing Society  at  their  annual  meeting  held  at  Ann  Arbor  in  January.  1886, 
which  are  worthy  of  attention  as  expressing  the  view^s  of  an  association 
composed  of  the  most  intelligent  and  competent  surveyors  of  the  State: 
First,  That  the  written  description  of  the  land  platted  should  be  clear  and 


I 
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distinct,  describing-  it  in  as  brief  a  manner  as  is  consistent  with  accuracy^ 
so  that  there  shall  be  no  misunderstanding  as  to  what  land  the  plat  is 
m tended  to  cover  ;  that  the  outlines  of  the  plat  itself  shall  be  marked  with 


appropriate  letters  and  figures  corresponding  with  the  written  descripiion 
indicating  the  courses  and  length  of  those  lines  ;  that  if  any  lots  lying 
within  the  outlines  of  the  plat  are  not  intended  to  be  considered  a  part  of 
the  plat  ihey  should  not  be  numbered  or  lettered,  and  the  fact  that  they 
arc  excepted  be  noted  in  the  written  description.  The  courses  and  length 
of  ibe  lines  of  such  lots  should  be  marked  on  the  plat  by  appropriate  letters 
and  figures,  and  the  lots  themselves  marked  on  the  plat  as  excepted. 
Secopid,  Use  a  short  and  simple  form  of  acknowledgment.  .  .  .  Third, 
Use  but  one  unit  of  measurement  in  the  plat.  Make  a  diagram  on  the  plat 
of  the  scale  used,  whh  appropriate  letters  to  show  what  the  scale  is. 
Fourth,  The  four  cardinal  points  be  indicated  in  a  simple  manner  by  an 
arrow  or ^eur  de  ii$,  with  appropriate  letters.  This  we  understand  to  be 
iniended  merely  to  indicate  in  a  general  way  the  points  of  compass  on  the 
Diap,     Whenever  practicable,  give  the  courses  in  the  written  description 


m 


sirjtr£rixa 


and  on  thr  pJai  from  the  true  mcridiaji,  and  also,  when  practicabk.  thit 
the  ang-le  of  inlcrsectiog  lines  be  given  on  the  plat.  Fifth ^  That  weestctm 
It  of  me  6r&t  imponancc  that  permanent  monumeots  be  located  in  ti« 
Ijrotjnd  at  all  important  points  in  the  plats,  and  that  the  character  and  Ick^ 
fion  of  such  monuments,  by^  their  bearing  trees  or  points,  be  dbtiao:^ 
giren  on  the  plat. 


■        FOJ< 


FORMS    OF    DEDICATION,    DESCRIPTION. 

CERTIFICATE. 


AKD    SURVEY0E5, 


Auditor  Generals  OFrici,  \ 

Lansinjg^,  Mich-i , 189. .  ( 

n  response  to  frequent  requests  for  forms  of  Dedication,  Destripti 
and  Sur\'ey or "s  Certificate   to  be  observed    in  making   plats,  the  foUowii 
have  been  prepared ;  while  thcf  arc  shon  ami  simple,  tt  is  belieFed  tber" 
meet  the  requirements  of  lavi-. 

Stanley  W.  Tumker,  Auditor  General 


^^T  rTbe  KmxxMEf  Gffnera]  ad^riaes  tkn  if  tbs  pufMieiM  is  a  widower  or  iw>li^vdi 
ilKxild  be  stved  ia  d»e  dcdicmian  to  accooDt  for  die  abiBioe  of  Lb«  «i|nuliif«  <f  ibc  wife.' 

DEDICATION. 

Kn&w  ail  m$n  by  tk4S4  prtstnis^  Thai  we.    . , _ 

yjroprielor,  and , , .his  wife,  have  catiscd  tticlrn^ 

embraced  in  the  annexed  plat  to  be  surveyed,  laid  out  and  platted,  to  I 

known  as and  that  tlie  streets  and  alleys  m  shon 

(Insert  title  of  Ptaf.) 
on  said  plat  are  hereby  dedicated  to  the  use  of  the  public. 

Signed  and  StQltd  in  frtsrmt  &/  \  f #  6 11 

::::,:::::::::::::::::::::::.^^^^ ..,.fL.s.] 

State  of  Michigan.       J 

County  of. . , , ,  f     *        On  this, ....,,..  .day  of 11$.. 

before  me,  a  Notary  Public   in  and  for  said  county,  personalty  came  the 

above   named. , and.. .../...,, 

his  wife^  known  to  me  to  be  ihe  persons  who  exectited  the  above  dedto- 
tjon  and  acknowledged  the  same  to  be  their  free  act  and  deed* 


Notary  Public Co..  Mklt 


DESCRIPTIOK  OF  LAND  PLATTEO. 


The  land  embraced  in  the  annexed  plat  of. 
is  described  as  follows  ; 
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SURVEYOR  S   CERTIFICATE. 

I  hereby  certify  that  the  plat  hereon  delineated  is  a  correct  one  and  that 

permanent  monuments,  consisting  of 

(Describe  the  monuments.) 

have  been  planted  at  points  marked  thus as  thereon 

(Using  some  symbol  such  as  a  small  circle  (0)«  or  &  (X)<  or  letters,  or  numerals,  to  indicate  the 

exact  location.) 
shown  at  all  angles  in  the  boundaries  of  the  land  platted,  and  at  all  inter- 
sections of  streets  and  alleys. 

.Surveyor. 


APPENDIX  I 

RESTORATION    OF     LOST    OR     OBLITERATED    COJ 
AND   SUBDIVISIONS   OF   SECTIONS. 

{Cirmtar  umtd  By  the  Gtntrul  L^^nd  O^ti  «f  ikt  l>tp^rtnuni  </  l4f 
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The  increasing  number  of  letters  from  county  and  local  sui  . 
ceived  at  this  oftice  nuiking  inquiry  as  to  the  proper  method  of  m% 
to  their  original  poiilion  last  or  obliterated  corners  marking  tbr  j 
of  the  public  lands  of  the  United  Stales,  or  such  as  have  Seen  il 
or  accidentally  moved  from  their  original  position,  have  rendcfii 
preparaiion  of  the  following  general  rules  necessary*  pariicularljr  \ 
a  very  large  number  of  cases  the  immediate  facts  ncce5finry  to  a  tl5<W| 
and  intelligent  understanding  arc  omitted.  Moreover,  sirrvcys  \A 
been  made  under  the  authority  of  different  acts  of  Cotifirress.  diScfH 
suits  have  been  obtained,  and  no  special  law  has  been  enacicd  by  tM 
thority  covering  and  regulating  the  sitbject  of  the  above-naiat^ 
quiries.  Hence*  the  general  rule  here  given  must  be  considered  m 
as  an  expression  of  the  opinion  of  this  ollice  on  the  subject*  basedj 
ever,  upon  the  spirit  of  the  several  acts  of  Congress  3iitlion>inpf  the 
veys,  as  construed  by  this  ofticc,  and  by  United  Stales  court  4cas 
When  cases  arise  which  are  not  covered  by  tliese  ruies*  and  the  ^hi 
this  office  is  desired,  the  letter  of  inquiry  should  always  contain  a  dea 
tion  of  the  particular  corner,  with  reference  to  the  township,  rangd 
section  of  the  public  sur^^eys,  to  enable  this  oflice  to  consult  therecori 

An  obliterated  corner  is  one  where  no  visible  evidence  reinainrflj 
work  of  the  original  surveyor  in  establishiTig  it.  Its  location  mijfJ 
ever,  liave  been  preserved  beyond  ail  question  by  acts  of  bndowittfU 
by  the  memory  of  those  whcj  knew  and  recolleei  the  true  sitWf  (I 
original  mrmument.    In  such  eases  it  is  not  a  lost  corner.  J 

A  iosi  corner  is  one  whose  position  cannot  be  determtned.  m 
reasonable  doubt,  either  from  original  marks  or  reliable  extcnaJ] 
dence.  I 

Surveyors  sometimes  err  in  their  decision  whether  a  corner  iifl 
treated  as  hst  or  only  obliterated,  J 

Surveyors  who  have  been  United  States  deputies  should  bear  tiij 
that  in  their  private  capacity  they  must  act  under  somewhat  dil 
rules  of  law  from  those  governing  original  surveys,  and  should  cal 
distinguish  between  the  provisions  of  the  statute  which  guide  a  Cd 
ment  deputy  and  those  which  apply  to  retracement  of  Unes  ond 
vcyed.  The  failure  to  observe  thts  distinction  has  been  proTi 
erroneous  work  iiivd  miusUce  to  landowners, 

m 
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To  restore  extinct  boundaries  of  the  public  lauds  correctly,  the  sur- 
veyor must  have  some  knowledge  of  the  manner  in  which  townships  were 
subdivitlcd  by  the  !>everai  methods  authorized  by  Congress,  Without 
this  knowledge  he  may  le  grcaly  embarrasfcd  in  the  fie  d,  and  is  liable 
to  make  mistakes  invalidating  his  work»  and  leading  eventually  to  serious 
litigation.  It  is  believed  that  the  following  synopsis  of  the  several  acts 
of  Congress  regulaling  the  surveys  of  the  public  lands  will  be  of  service 
to  county  surveyors  and  others,  and  will  help  to  explain  many  of  the  dif- 
ficulties encountered  by  iheni  in  the  settlement  of  such  questions. 

Compliance  with  the  provisions  of  Congressional  Jegislaiion  at  dif- 
ferent periods  has  resulted  in  /wo  sets  of  corners  being  established  on 
timnfship  tines  at  one  time;  at  other  times  ilirce  sets  of  corners  have  been 
established  on  njnge  lines;  while  the  system  now  in  operation  rnakes  but 
mt£  set  of  corners  on  iovjushif*  boundaries,  except  on  standard  Unes — ^i.c, 
base  and  correction  lines,  and  in  some  exceptional  c;ises. 

The  following  brief  explanation  of  the  modes  which  have  been  prac- 
tised will  be  of  service  to  all  who  may  be  called  upon  to  restore  oblit- 
erated boundaries  of  the  public  land  surveys: 

Where  two  sets  of  corners  were  established  on  township  boundaries, 
one  set  wis  planted  at  the  time  the  exteriors  were  run,  those  on  the 
north  boundar>'  belonging  to  the  sections  and  quarter  sections  north  of 
said  line,  and  those  on  the  west  boundary  belonging  to  the  sections  and 
ouarter  sections  west  of  that  line.  The  other  set  of  corners  was  estab- 
li^Iicd  when  the  township  was  subdivided.  This  method,  as  stated,  re- 
sulted in  the  establishment  of  two  sets  of  corners  on  all  four  sides  of  the 
townships. 

When?  three  sets  of  corners  were  established  on  the  range  lines,  the 
sobdi visional  surveys  were  made  in  the  above  manner,  except  that  the 
cast  and  west  section  lines,  instead  of  being  closed  upon  the  corners  pre- 
viously  established  on  the  east  boundary  of  the  township,  were  run  due 
east  from  the  last  interior  section  corner,  and  new  corners  were  erected 
at  the  points  of  intersection  with  the  range  line. 

The  method  now  in  practice  requires  section  lines  to  be  initiated  from 
the  corners  on  the  south  boundary  of  the  township,  and  lo  close  on  ex- 
isting corners  on  the  eastt  north,  and  west  boundaries  of  the  township, 
except  when  llie  north  boundary  is  a  base  line  or  standard  parallel 

But  in  some  cases,  for  special  reasons,  an  opposite  course  of  procedure 
has  been  followed,  and  snbdivi signal  work  has  been  begun  on  the  north 
boundary  and  has  been  extended  southward  and  eastward  or  southward 
and  westw^ard. 

In  the  more  recent  general  instructions,  greater  care  has  been  exer- 
cised to  secure  rectangular  subdivisions  by  fixing  a  strict  limitation  that 
no  new  township  exteriors  or  section  lines  shall  depart  from  a  true  merid- 
ian or  east  ami  west  line  more  than  twenty-one  minutes  of  arc;  and 
that  where  a  random  line  ts  found  liable  to  correction  beyond  this  limit, 
a  true  line  on  a  cardinal  course  must  be  run,  setting  a  closing  corner  on 
the  line  to  w^iich  it  closes. 

This  produces,  in  new  surveys  closing  to  irregular  old  w^rk,  a  great 
number  of  exteriors  marked  by  a  double  set  of  corners.  All  retracing 
surveyors  should  proceed  under  these  new  conditions  with  full  knowl- 
edge of  the  field  notes  and  exceptional  methods  of  subdivision. 
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begin  on  the  Ohio  River,  at  a  p« 
of  a  lint  run  as  the  south  bound 
first  hnc  nrnniiig  east  niid  west 
tend  through  tlie  wliole  terriri^r 
terror  linej?  of  the  townships  wen 
snhdivisions  into  sections  t  mil 
nicncing  \^ith  No.  i  in  the  sou? 
ning  from  south  to  north  in  r«tc 
tif  the  township;  mile  corners 
The  regtfin  embraced  by  the  sur 
l>rescnt  SlJtte  of  Ohio,  and  is  gen 
The  Federal  Congress  pissed 
Act  of  Maj  II.  to  surveying  the  put 

JS'j/tf  Jv^-  o\  the  Kentucky  Rivi 
g."?^sUl^.t^  ,  Section  2  of  said  I 
had  not  been  already 
south  lines  run  according  to  the 
them  at  right  angles,  so  as  to  U 
It  also  provided  thnt  ''  one-half 
natcly,  should  be  subdivided  into 
be,  640  acres  each,  by  running  th 
at  the  end  of  every  tw<j  miles;  an 
lines  at  the  end  of  every  mile." 
tions  shall  be  numbered,  respect 
in  the  northeast  section,  and  proc( 
the  township,  v^ith  progress;* ve  nui 
This  method  of  numbering  sectioi 
An  act  amendah>ry  of  the  tore 
the  **  townships  west  of  the  Mus 
Ar%»t«^%o,  '"^  quarter  townships, 


APPENDIX  /. 


759 


extend  six  mtles»  the  excess  or  deficiency  shall  be  specially  noted, 
and  added  to  or  deducted  from  the  western  or  northern  ranges  of  sec- 
lions  or  half  sections  in  such  townships,  according  as  the  error  may  be  in 
running  the  lines  from  east  to  west  or  from  south  to  north/'  Said  act 
also  provided  that  the  northern  and  western  tiers  of  sections  should  be 
sold  as  containing  only  the  quantity  expressed  on  the  plats,  and  all  others 
as  containing  the  complete  legal  quantity. 

The  act  approved  June   i,    1796.   ''  regulating  the   grants 
of  land  appropriated  for  military  services,*'  et^.,  provided  for    Act  pf  juni?  1. 
dividing  the  ^*  Unittfd  States  Military  Tract/'  in  the  State  ofi^  Si  *'ii!S^^ 
Ohio*  into  townships  5  miles  square,  each  to  be  subdivided  ^"'i^i^  ***■ 
into  quarter  town,ships  containing  4,000  acres. 

Section  6  of  the  act  approved  March  I,  1800,  amendatory  of  the  fore- 
going act.  enacted  that  the  Secretary  of  the  Treasury  was  .^  -,j^ 
authorised  to  subdivide  the  quarter  townships  into  lots  ofisdo,  u  s.  tt«*^ 
100  acre?-,  bounded  as  nearly  as  practicable  by  parallel  lines  Jj^^^^j^^**** 
160  perches  in  length  by  too  perches  in  width  These  sub- 
division s  into  lots,  however,  were  made  upon  the  i>lats  in  the  office  of  the 
Secretary  of  the  Treasury,  and  the  actual  survey  was  only  made  ai  a  sub- 
sequent time  when  a  sufficient  number  of  .such  U^U  had  been  located  to 
warrant  the  survey.  It  thus  happened,  in  some  instances,  that  when  the 
sur%*ey  came  to  be  made  the  plat  and  survey  could  not  be  made  to  agree, 
^nd  that  fractional  lots  on  plats  were  entirely  crowded  out,  A  knowl- 
edge of  this  fact  may  explain  some  of  the  difficulties  met  with  in  the  dis- 
trict thus  subdivided. 

The  act  of  Congress  approved  February  11,  1805,  directs  the  subdivi- 
sion of  the  public  lands  mto  quarter  sections,  and  provides  ^pt^iF^i^^i^j, 
that  a]l  corners  marked  in  the  field  shall  fjo  established  as  li.iwM.v.sTlK 
the  proper  corners  of  the  sections  or  tiuarter  sections  which  ^?^%^^i!^S^ 
they  were  intended  to  designate,  and  that  corners  of  half  K^JiA^Utitei 
and  quatter  sections  not  marked  shall  be  placed  as  nearly  as 
possible  "  equidistant  from  those  two  corners  which  stand  on  the  same 
line/'  This  act  further  provides  that  "the  boundary  lines  actually  run 
and  marked  "  (in  the  field)  "  shall  be  established  as  the  proper  boundary 
lines  of  the  sections,  or  subdivisions,  for  which  they  were  intended,  and 
the  length  of  such  lines  as  returned  by  either  of  the  surveyors  aforesaid 
shall  be  held  and  considered  as  the  true  length  thereof.  And  the  bound* 
aiy  lines  which  shall  not  have  been  actually  run  and  marked  as  afore- 
said shall  be  ascertained  by  running  straight  lines  from  the  established 
corners  to  the  opposite  corresponding  corners,  but  in  those  ponions  of 
the  fractional  townships  where  no  such  opposite  or  corresponding  cor- 
ners have  been  or  can  be  fixed,  the  said  boundary  lines  shall  be  ascer- 
tained by  running  from  the  established  corners  due  north  and  south,  or 
cast  and  west  lines,  as  the  case  may  be,  to  the  watercourse,  Indian  bound- 
ary line,  or  other  external  boundary  of  such  fractional  township/' 

The  act  of  Conj^rcss  approved  April  24.  1820,  provides  for  the  sale  of 
public  lands  in  half-quarter  sections,  and  requires  that  "in  ^rtoiApiijii 
every  case  of  the  division  of  a  quarter  section  the  line  for  inift.  u.  ^t«t^ 
the  division  thereof  shall  run  north  and  south/'  *'  and  frac*  ^JST^JiAwrSR 
tional  sections,  containing  iCo  acres  and  upwards,  shall  in  {{JJ,^*^^)^^^*' 
like  manner,  as  nearly  as  practicable,  be  subdivided  into  half  '  '  "    *** 

quarter  sections,  under  such  rules  and  regulations  as  may  be  pre^erihed 


^sIA.^;!  t^^rntory   should    bTdi^k  i  V 
tteaHa,  square,   by   (ines   runnil*     '  1 1| 

It  further  provided  that  the  tfr 

l»pn  on  the  Ohio  River,  at  a  I 

Ola  Urn  nm  as  the  south  bom/ 

tirst  line  ninning  ea^t  :ind  u . 

tend  through  the  whole  Ui^ 

Uruyrlme^  ai  (he  town.Sr  n 

suUflivjsmns  into  secivv^ 

ntenciTig  ^ith  No.  j  in 

ni ng  from  south  tr*  n^n 

of  the  township;    mile 

i  Ije  region  embraced 
lM*esent  hUact  of  Ohi 

The  Federal  Co»    ■      -f: 

-*et  of  ii«-  jji.  to  sur  .  ^        * 
iX  i!'  V^^'  ''iton  ' 

vol.  I. j>  WW  ^  af  t' 

^^,,^.    ..  ^-  ^  iiUuiK'd  provided  that  t 

south  hn«s  I-  lUjrtLr-quarti-r    sections 

tliem  at  rig'  ii  the  manner  and  on  the 

It  also  pre        -pproved  February  n    tfee 
nately,  shr  * 

3"!!^"^  CEXERAL   RULES. 

lines  »t^  the  foregoing  synopsis  ot  Coneres* 

■111  appointed  Govcrnmcnj  surveyors 

"^  J54T,f  h"'""'  ""^1  »^^*P»^'*  '*>•  'I'e  Goverm 


-^iams  wide,^ 
"1.  as  are  als 


^^e  established,  any  required  subdivision  line  of 

hnm  the  proper  origiual  corner  in  the  boundary 
•rrth  and  south,  as  the  case  may  be,  to  the 
*.  or  other  boundary  of  such  sectioii,  with 
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'in  that  extinct  corners  of  the  Gov- 

Iheir  orig^inal  locations,  whenever 

-t  shouJd  always  be  first  had  to 

e  locus  of  the  missirtj,;  corner 

the  aid  of  the  mound,  pits. 

field  notes  of  the  original 


fe 


_*  >s,  ot  other  permanent 

H-*^        *&  the  best  means  of  re- 

^5^V  ^uion,     !f  this  cannot  be 

Jj^*^  ^iti^.cns  as    to   the  locality   it 

M  .1   such  can  be   obtained.     In  any 

B  orner  be  fixed  by  one  means  or  the 

B  jfS  be  tested  and  confirmed  by  measure- 

B  .iO  definite  rule  can  be  laid  down  as  to  what 
B«ice  in  such  cases,  and  much  must  be  left  to  the 
5d  judgment  of  the  surveyor  in  the  performance  of 


I 
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rements  are  made  on  a  single  line  to  determine  the 
I  restored  lost  corner  (for  example,  a  quarter- section 
tn  two  original  section  cortiers),  or  when  new  meas- 
>etwcen  original  corners  on  two  lines  for  the  pttr- 
leir  intersection  the  position  of  a  restored  missing 
,  a  corner  common  to  four  sections  or  four  town- 
invariably  happen  that  discrepancies  will  be  devel- 
w  measurements  and  the  original  measurements  tn 
en  these  differences  occur  the  surveyor  will  in  all 
Hissing  corner  by  proportionate  measurements  on 
the  original  field  notes  and  by  the  method  followed 
y.  From  this  rule  there  can  be  no  departure,  since 
vhich  the  whole  operation  depends  for  accuracy  and 

he  relocated  corner  cannot  be  made  to  harmonize 
in  all  directions,  and  unexplained  error  in  the  first 
it  sometimes  becomes  the  task  of  the  surveyor  to 
I  the  requirements  of  one  line  and  against  the  calls 
r  instance,  if  the  line  between  sections  30  and  ^r, 
ortg,  would  draw  the  missing  corner  on  range  line 
L  of  range  with  the  other  exterior  corners,  the  pre- 
strortg  that  the  range  line  had  been  run  straight 
e  section  Itne  wTongly  reported,  because  experience 
iom  lines  are  regarded  as  less  important  than  range 
1  io  error. 
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by  the  Secretary  of  the  Treasury;    but  fractional  sections  containing  l« 
than  160  acres  shall  not  be  divided/' 

The  act  of  Congress  approved  May  24*  1824,  provides  *'  that  whenever. 
Act  f>f  itfAT  *i.  "^  ^^^  opinion  of  the  President  of  the  United  States,  a  i 
mat,  in  ^^^^'  part  lire  from  the  ordinary  mode  of  st3r\'eymg   land  on  n 
"S*i,  p*  siT*^'  river,  lake,  bayou,  or  watercourse  would  promote  the  piibl 
interest^  he  may  direct  the  surveyor- general  in  whose  distr 
such  land  is  situated,  and  where  the  change  is  intended  to  t^  made»  ua 
snch  rules  and  regulations- as  the  President  may  prescnbCt  to  ca| 
lands  thus  situated  to  be  surveyed  in  tracts  of  two  acres  in  widlh^ 
ing  on  any  riven   bayou,   lake,  or  watercourse   and   running  bS 
depth  of  forty  acres/' 

The  act  of  Congress  approved  April  5,  183J2,  directed  the  subdh-tsiq 
Act  t»f  Apra  R  °^  ^^^^  public  lands  into  tjuarter -quarter  sections;  that 
iraa.  u.  s.  Slat'  every  case  of  the  division  of  a  half-quarter  section  the  dir" 
vSli.IJws^SJ^I  ing  line  should  nm  east  and  west,  and  that  fractiona! 
R^i*Srst«fcit*il  ^*^^^  should  be  subdivided,  under  ruies  and  regulaitons  ,  ^ 
'  scribed  by  the  Secretary  of  the  Treasury.  Under  ihc  hXSJ^ 
provision  the  Secretary  directed  that  fractional  sections  containing  Id* 
than  160  acres,  or  the  residuary  portion  of  a  fractional  section,  after  the 
subdivision  into  ns  many  quarter-quarter  sections  as  it  is  susceptible  of» 
may  be  subdivided  into  lot.^,  each  containing  the  quantity  oi  a  quanff* 
quarter  section  as  nearly  as  practicable,  by  so  laying  doN^Ti  the  Ieoc  «! 
subdivision  that  they  shall  be  20  chains  wide,  which  distances  are  i&  1*^ 
marked  on  the  plat  of  t^ubdi vision,  as  arc  also  the  areas  of  the  qu 
quarters  and  resitluary  fractions. 

These  two  acls  last  mentioned  provided  that  the  corners  and  cofite 
of  half-quarter  and  quarter- quarter  sections  should  be  ascertained 
nearly  as  posiiible  in  the  manner  and  on  the  principles  prescribed  in  1 
act  of  Congress  approved  February  it,  ^805, 


GENER.VL    RULES. 

From  the  foregoing  synopsis  ot  Congressional  legislation  it  is  e*^ 

dent- 
ist That  the  boundaries  of  the  public  lands  establJsbe4  and  re" 
by  the   duly   appointed   Government   surveyors,    when    apfrnrrd 
surveyors-general  and  accepted  by  the  Government,  are  uj  . 

2d.  That  the  original  township,   section,   and  quarter 
established  by  the  Government  surveyors  must  stand   a^   mc  irne 
ners  which  they  were  intended  to  represent,  whether  the  corners  be  dl 
place  or  not. 

3d.  That  quarter-quarter  corners  not  established  by  the   Gu\trm0^ 
surveyors  shall  be  placed  on  the  straight  lines  joining  the  secinin  isH 
quarter-section  corners  and  midway  between  them,  except   ' 
half  mile  of  section  lines  closing  on  the  north  and  west  bou. 
the  township,  or  on  other  lines  between  fractional  sections. 

4th.  That  all  subdivisional  lines  of  a  section  running  between  ffl 
established  in  the  original  survey  of  a  township  must   be  sir.' 
running  from  the  proper  corner  in  one  section  line  to  it*  opr 
responding  corner  in  the  opposite  section  line, 

Sth.  That   in  a  fractional   section   where   no  opposite   correspoitJifllj 
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mer  has  been  or  can  be  established,  any  required  subdivision  line  nf 
:h  section  must  be  run  from  the  proper  original  corner  in  the  boundary 
e  due  east  and  weM*  or  north  and  south,  as  the  case  may  be,  to  the 
tercoiirse,  Indian  reservation,  or  other  boundary  of  such  section,  with 
*  parallelism  to  section  lines. 

From  the  foregoing  it  will  be  plain  that  extinct  corners  of  the  Gov* 
itnent  surveys  must  be  restored  to  their  original  locations,  wherrever 
^  po&Mblc  to  do  so;  and  hence  reiiort  should  always  be  first  had  to 
\  marks  of  the  survey  in  the  field.  The  locus  of  the  missing  corner 
3uld  be  fir*;t  identified  on  the  ground  by  the  aid  of  the  mound,  pits, 
c  trees,  bearing  trees,  etc.,  described  in  the  field  notes  of  the  original 
rvey. 

Xlte  identification  of  mounds,  piis,  vvilncss  trees,  or  other  permanent 
►jccts  nutetl  in  the  field  notes  of  survey,  affords  the  best  means  of  re- 
cat  vng  the  missing  corner  in  its  original  position.  If  this  cannot  be 
)ne.  dear  and  convincing  testimony  of  citizens  as  to  the  locality  it 
■iginally  occupied  should  be  taken,  if  such  can  be  obtained.  In  any 
rent*  whether  the  locus  of  the  corner  be  fixed  by  one  means  or  the 
thcr,  such  locus  should  always  be  tested  and  confirmed  by  measu re- 
lents to  hno'u.m  corners.  No  definite  rule  can  be  laid  down  as  to  what 
hill  be  sufiicicnt  evidence  in  such  cases>  and  much  must  be  left  to  the 
kill,  fidelity,  and  good  judgment  of  the  surveyor  in  the  performance  of 
Is  work. 


EXCEPTIONAL    CASES, 

When  nc%'  measurements  are  made  on  a  single  line  to  determine  the 
>5itton  thereon  for  a  restored  lost  corner  (for  example*  a  quartcr-section 
irncr  on  line  between  twij  original  section  comers),  or  when  new  meas- 
emcnts  are  made  between  original  corners  on  two  Hnes  for  the  pur- 
>S€  of  fixing  by  their  intersection  the  position  of  a  restored  missing 
t~ner  (for  example,  a  corner  common  to  four  sections  or  four  town- 
ips),  it  will  almost  invariably  happen  that  discrepancies  will  be  dcvel- 
ed  between  the  new  measurements  and  the  original  measurements  in 
e  fidd  notes.  When  these  differences  occur  the  surveyor  will  in  all 
scs  establi^ih  the  missing  corner  by  proportionate  measurements  on 
les  conforming  to  the  original  field  notes  and  by  the  method  followed 
_llhe  original  survey.  From  this  rule  there  can  be  no  departure,  since 
is  the  basis  upon  which  the  whole  operation  depends  for  accuracy  and 

l^i  cases  where  the  relocated  corner  cannot  be  made  to  harttionize 
*^li  the  field  notes  in  all  directions,  and  unexplained  error  in  the  first 
^vcy  is  apparent,  it  sometimes  becomes  the  task  of  the  surveyor  to 
'■ce  it  according  to  the  requirement*  of  one  line  and  against  the  calls 
Another  line.  For  instance,  if  the  tine  between  sections  jo  and  31, 
Ported  78  chains  long,  would  draw  the  missing  corner  on  range  line 
^'laln  eastward  out  of  range  with  the  other  exterior  corners,  the  pre- 
option would  be  strong  that  the  range  fine  had  been  run  straight 
*  the  length  of  the  section  line  wrongly  reported,  because  experience 
^Ws  that  west  random  lines  are  regarded  as  less  important  than  range 
^^  and  more  liable  to  error. 


Tht*  Mrict  rule  of  the  law  that  "  s 

established  as  the  corners  which 
and  the  further  ruk  that  "  ihe  lenfftl 
shall  he  held  und  con^^idered  a&  iTie 
^ome  cAses  lo  be  impossihlc  of  fulfill 
surveyor  is  obliged  to  choose,  in  h: 
more  lines  must  yield,  in  order  to  pei 

In  a  ca&e  of  an  erroneous  but  cxi 
some  distance  out  of  the  true  State 
it  was  held  by  this  office  thai  a  surv 
tion  should  preserve  the  boundary  ai 
gard  said  closing  corner  as  the  prop 
lots.  The  said  comer  wa^  considerc 
between  two  fractional  sections,  but 
corner  to  be  set  on  the  true  boundai 
fore  preserve  such  an  original  cort^ 
erroneous  position  cannot  be  allow 
corners  of  the  original  State  boundai 

It  is  only  in  cases  where  it  is  m; 
literal  terms  of  the  law,  that  a  survey 
decision. 

The  principle  of  the  preponderar 
importance  has  been  recognized  in  tl 
comtiion  to  two  townships  in  forme 
corner  should  be  placed  m  the  to 
check  its  position  by  distances  to  coi 
to  confirm  it  if  found  to  agree  well, 
off  the  line  if  found  not  to  agree,  if  t 
supports  the  presumption  that  it  was 

TO    EESTORK    1.QST    OR 
1 Trt    ntfitiAr*    ^Art*frt    nn    Iwm    Iw 
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jjIklJshed  during  ihe  survey  of  the  same,  will  with  the  standard  corners. 
SSvern  the  alincmcnt  and  measuremenrs  made  to  restore  lost  or  oblil- 
^ated  &!and*-jrd  corners;  but  no  other  closing  corners  will  control  in 
iny  munner  the  rciitoration  of  standard  corners  on  a  base  Hiire  or  standard 
p»arallel 

{b)  A  lost  or  obliterated  closing  corner  from  which  A  standard  parallel 
lai.  been  initialed  or  to  which  it  has  been  directed  will  be  reestablished 
n  its  original  place  by  proportionate  measurement  from  ihe  corners  used 
H  the  original  survey  to  determine  its  position.  Measurements  from 
corners  on  ihc  opposite  side  of  the  parallel  will  not  control  in  any  manner 
li€  rel  real  ion  of  said  corner 

(r)  A  missing  closing  corner  originally  established  during  the  survey 
I  a  standard  parallel  as  a  comer  from  which  to  project  surveys  south 
riU  be  restored  to  its  original  position  hy  considering  it  a  standard  cor- 
er  and  treating  it  accordingly; 

id\  Therefore,  paying  attention  to  the  preceding  explanations,  wc 
\'C  tor  the  restoration  of  one  or  several  corners  on  a  standard  parallel, 
ind  for  general  application  to  all  other  surveyed  lines,  the  following  pro- 
^rtion : 

As  the  original  field-note  distance  between  the  selected  known  comers 
if  i*»  the  new  measure  of  said  distance,  so  is  the  original  field-note  length 
j|  any  part  of  the  line  to  the  required  new  measure  thereof. 

The  sum  of  the  computed  lengths  of  the  several  parts  of  a  line  must 
>c  equal  to  the  new  measure  of  the  whole  distance. 

(*■)  As  has  been  observed,  existing  original  corners  cannot  be  dis- 
turbed; consequently,  discrepancies  between  the  new  and  i\m  original 
S^ld-note  measurements  of  the  line  joining  the  selected  original  corners 
pfill  not  in  any  manner  affect  measurements  beyond  said  corners,  hut 
ijic  differences  will  be  distributed  proportionately  to  the  several  intervals 
embraced  in  the  line  in  question. 

(f)  After  havini^  checked  each  new  location  by  measurement  to  the 
earest  known  corners,  new  corners  will  be  established  permanently  and 
lew  bearings  and  measurements  taken  to  prominent  objects,  which  should 
>c  of  as  permanent  a  character  as  possible,  and  the  same  recorded  for 
lUture  reference. 

a.  RestorQtion  of  toicmhip  conifrs  common  to  f^ur  fmvnships.^^Tvffy  cases 
jliould  be  clearly  recognized:  ist.  Where  the  position  of  the  original 
township  corner  has  been  made  to  depend  upon  measurements  on  two 
ines  at  right  angles  to  each  other.  2d.  Where  the  original  corner  has 
teen  located  by  measurements  on  one  line  only;  for  example,  on  a  guide 
meridian. 

(*j)  For  restoration  of  a  township  corner  originally  subject  to  the 
irst  condition:  A  line  will  first  be  run  connecting  the  nearest  identified 
urigina)  corners  on  the  meridional  township  lines,  north  and  south  of 
he  missing  corner,  and  a  temporary  corner  will  be  placed  at  the  proper 
proportionate  distance.  This  will  deiermine  the  corner  in  a  north  and 
louth  direction  only. 

Next,  the  nearest  original  corners  on  the  latitudinal  township  lines 
will  be  connected  and  a  point  thereon  will  be  determined  in  a  similar 
manner,  independent  of  the  temporary  corner  on  the  meridional  line. 
Then  through  the  first  temporary  corner  run  a  line  east  (or  west)  and 
through  the  second  temporary  corner  a  Une  north  (or  south),  as  retativ*: 


reel  J  on  line,  wui  oe  connectca  as 
missing  corner  csiablished  by  pT 
caso;  the  location  thus  fauml  wi 
nearest  known  section  or  cittarii 
east  and  west,  of  the  township  h 

4.  Ri'cstabliskmefit  of  dosing  a 
tiou*  section,  or  iLnvnship  curner 
next  preccdinsj  or  succeeding  cor 
and  reestablish  the  missing  closinj 
The  hne  upon  which  the  closing 
always  be  retneaj;ured,  in  order  to 
location.     See  page  648  IT,  for  del 

5.  Reestablish ment  cf  interior  j 
should  be  reestablished  in  the  sar 
townships.  In  such  cases,  when  a 
tides  of  the  one  sought  to  be  rce 
:ourse*  be  remeasured  between  tl 
both  north  and  south,  and  east  i 
'aid  down,  and  the  new  corner  ti 
rnent.  The  mere  measurement  in 
not  sufiice,  since  the  direction  of  I 
ward  through  a  township,  or  rtlJ 
most  exceptional  cases  true  proli 
tiun  lines  initiated  on  the  south 
east  and  west  lines  gunning  throuj 
posed  to  be  at  right  angles  with 
tion,  and  the  alincments  of  the  clc 
aries  of  the  township,  in  conneclif)! 
less  often  in  accord.  Moreover,  ' 
from  corner  to  corner,  in  point 
from  a  right  line,  although  presu 
tained  in  the  field  notes  and  so 
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be  erected  at  the  corrected  location  on  the 
;d  and  witnessed,  and  recorded  for  future 

mgittaUy  estahiished  on  range  lines,  ont 
iterated,  to  reestablish  either  of  them. — It 
wo  corners  were  estabhshed  as  actual 
'  on  the  range  line  not  corrcspond- 
or  west  of  said  range  line.  The 
identify  the  existing  corner  or 
^establish  the  missing  corner 
'  -  to  the  distances  stated  in 
^er  indicated  for  the  re- 
-accuracy  of  the  result  ob- 
cases-  If,  however,  the  dis- 
tiot  staie4  in  the  original  field 
ase  in  the  returns  of  older  surveys, 
efuUy  retraced,  and  marked  in  a  man- 
easy  identification  upon  reaching  same 
lings.  The  section  lines  closing  upon  ihe 
retraced  in  accordance  with  the  original 
Tianner  previously  indicated  and  directed, 
1  the  manner  directed  in  the  case  of  double 
i  be  too  careful,  in  the  matter  of  retrace* 
the  recorded  indications  of  the  original 
light,  should  be  neglected  to  insure  the 
t  of  the  original  line;  since  there  is  no 
:y  of  the  reestablishment  of  the  missing 
jsponding  section  lines  are  remeasured  by 
I  the  result  checked  by  a  recalculation  of 
1,  which,  at  best  is  but  a  very  poor  check, 
pon  the  margin  of  many  plats  of  the  older 
oti  the  face  of  the  plats,  or  have  been  care- 

f  originally  esiabUshed  on  range  lines ,  att  of 

I  jom^'.-^These  corners  should  be  reestab- 
orcgoing  directions,  commencing  with  the 
^hen  the  range  line  was  run,  establishing 
cvionsly  given  directions  for  restoring  sec- 
's;  that  is  to  say,  by  remeasnring  between 
said  township  line,  and  reestablishing  tlve 
ement.  The  two  remaining  will  then  be 
th  the  general  rules  for  reestablish  ment  of 

4er  eortiers. — Before  proceeding  with  the 
eander  corners,  the  surveyor  should  have 
iree  of  the  section  lines  between  known 
1  which  the  lost  corner  is  to  be  relocated* 
lortionate  measurement  to  be  used.  This 
measurement  of  section  lines  must  in  no 
s  the  only  data  upon  which  the  fractional 
1  proportionately,  the  corner  marking  the 
tcr,  being  missing-,  which  it  is  intended  to 
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the  section  corners  marking  the  line*  according  to  the  field  n^tes  of 
original  survey*  The  remarks  made  under  section  s,  in  relatiofi  to  s<c 
Itnes,  apply  with  full  force  here  also;  the  caution  there  given  not  to 
neglect  sight  trees  is  equally  applicable,  since  the  proper  rcc5t:ib1p*1iffi'nii 
of  the  quarter-section  corner  may  in  some  instances  very  br.  J 

upon  its  observance,  and  avoid  one  of  the  many  sources  of  1 

9,  Where  double  earners  xvcre  originally  established,  one  of  whtcn  is  jumi- 
ing,  to  reestablish  the  other, — It  being  remembered  that  the  corners  rf- 
tabtished  when  the  exterior  township  lines  were  run  belong  to 
tions  in  the  townships  north  and  west  of  those  lines,  the  survc 
first  determine  beyond  a  doubt  to  which  sections  the  exlsing  Ci 
longs.  This  may  be  done  by  testing  the  courses  and  distances  to 
ness  trees  or  other  objects  noted  in  the  original  field  notes  of 
and  by  remeas tiring  distances  to  known  corners,  Havrng  detenni 
to  which  township  the  existing  corner  belongs,  the  missing  corner 
be  reestablished  in  line  north  or  south  of  the  existing  corner*  a* 
case  may  be,  at  the  distance  stated  in  the  field  notes  of  the  original 
vey,  by  proportionate  measurement,  and  tested  by  rctracement  to 
opposite  corresponding  corner  of  the  section  to  which  the  missing 
tion  corner  belongs.  These  double  corners  being  g^eneraOy  not  ti 
than  a  few  chains  apart,  the  distance  between  them  can  he  more  »f 
curately  laid  off.  and  it  is  considered  prekrable  to  first  establish  the  mt*^- 
ing  corner  as  above,  and  check  upon  the  corresponding  interior  comtf. 
than  to  reverse  the  proceeding;  since  the  result  obtained  is  every  iriy 
more  accurate  and  satisfactory. 

10.  Where  double  earners  were  originaUy  estoblished,  and  b&tk  an  ma*  i 
ing,  to  reestablish  the  one  established  when  the  toumshif^  ttne  u^as  rur^     '^'- 
surveyor  will  connect  the  nearest  known  corners  on  the  lown^ 

by  a  right  line*  being  careful  to  distinguish  the  section  from  the  ^.v  -  , 
corners,  and  reestablish  the  missing  corner  at  the  point  indicated  by  tb* 
field  notes  of  the  original  survey  by  proportionate  measurement  Tlw 
corner  thus  restored  will  be  common  to  tw^o  sections  either  north  or  «tC 
of  the  township  boundary,  and  the  section  north  or  wcst»  as  the  case  isf 
be,  should  be  carefully  retraced,  thus  checking  upon  the  reest^iblishcd  f«^ 
ner*  and  testing  the  accuracy  of  the  result.  It  cannot  be  too  ni«4 
impressed  upon  the  surveyor  that  any  measurements  to  objects  on  &■» 
noted  in  the  original  survey  are  means  of  determining  and  testing  tfc< 
correctness  of  the  operation. 

n.   IV here  double  earners  were  originally  established,  and  both  sre  mat 
ing,  ia  reestablish  the  ofte  established  whefi  the  tcwfishi^  was  subdhided  ^1^ 
corner  10  be  reestablished  being  common  to  two  sections  so^h  or  tt* 
of  the  township  line,  the  section  line  closing  on  the  miss  in  c  scninn  t^TWf 
should  be  first  retraced  to  an  intersection  with  the  tow; 
manner  previously  indicated,  and  a  temporary  corner  t 
point  of  intersection.     The  township  line  will  of  course  ha, 
viously  carefully  retraced  in  accordance  with  the   requircn 
original  field  notes  of  5t:rvey,  and  marked  in  such  a   r — 
readily  identified  when  reaching  the  same  with  the  retr 
The  location  of  the  temporary  corner  planted  at  the  poi; 
will  then  be  carefutly  tested  and  verified  by  remeasun- 
and  known  corners  on  the  township  line,  as  noted  in  1 1 
notes  of  survey^  and  the  necessary  corrections  made  10  such  rel 
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A  permancTil  corner  will  then  be  erected  at  the  corrected  location  on  the 
township  line,  properly  marked  and  witnessed,  and  recorded  for  future 
requirements, 

12.  W\\er€  iriph  corners  were  criginally  esfabluhcd  on  range  lines,  one 
or  tTvo  of  which  haze  bfcome  obtitemied.  to  reestablish  rithcf  of  them. — it 
will  be  borne  in  mind  that  only  two  corners  were  established  as  actual 
corners  of  sections,  those  established  on  the  range  line  not  correspond- 
ing with  the  subdi visional  survey  east  or  west  of  said  range  line.  The 
surveyor  will,  therefore,  first  proceed  to  identify  the  existing  comer  or 
corners,  as  the  case  may  be,  and  then  reestablish  the  missing  comer 
or  corners  in  litie  north  or  south,  according  to  the  distances  stated  in 
the  original  field  notes  of  survey  in  the  manner  indicated  for  the  re- 
establish mcnt  of  double  corners,  testing  the  accuracy  of  the  result  ob* 
lained,  as  hcrem before  directed  in  other  cases.  If,  however,  the  dis- 
tances betw^een  the  triple  corners  are  not  stated  in  the  original  field 
notes  of  survey,  as  is  frequently  the  case  in  the  returns  of  older  surveys, 
the  range  line  should  be  first  carefully  retraced,  and  marked  in  a  man- 
ner sufficiently  clear  to  admit  of  easy  identification  upon  reaching  same 
during  the  subsequent  proceedings.  The  section  lines  closing  upon  the 
missing  corners  must  then  be  retraced  in  accordance  with  the  original 
field  notes  of  survey^  in  the  manner  previously  indicated  and  directed, 
and  the  corners  reestablished  in  the  manner  directed  in  the  case  of  double 
corners.  The  surveyor  cannot  be  too  careful,  in  the  matter  of  retrace- 
ment,  in  following  closely  all  the  recorded  indications  of  the  original 
line,  and  nothing,  however  sHght.  should  be  neglected  to  insure  the 
correctness  of  the  retracement  of  the  original  line;  since  there  is  no 
other  check  upon  the  accuracy  of  the  reestablishment  of  the  missing 
comers,  unless  the  entire  corresponding  section  lines  are  remeasured  by 
proportional  measurement  and  the  result  checked  by  a  recalculation  of 
the  areas  as  originally  returned,  which,  at  best,  is  but  a  very  poor  check, 
because  the  areas  expressed  upon  the  margin  of  many  plats  of  the  older 
surveys  are  erroneously  stated  on  the  face  of  the  plats,  or  have  been  care- 
lessly calculated. 

15.  Where  triple  corners  were  originaily  establisfwd  on  range  lines,  all  of 
tvhick  are  missing,  to  reesiabiish  same. — These  corners  should  be  reeslab- 
Hshed  in  accordance  with  the  foregoing  directions,  commencing  with  the 
corner  originally  established  when  the  range  line  was  run,  establishing 
the  sante  in  accordance  with  previously  given  directions  for  restoring  sec- 
tion and  quarter- sect  ion  corners;  that  is  to  say,  by  remeasunng  between 
the  nearest  known  corners  on  said  township  line,  and  reestablishing  the 
same  by  proportionate  tneasuremeni.  The  two  remaining  will  then  be 
reestablished  in  conformity  with  the  general  rules  for  reestablishment  of 
double  corners, 

14.  Reestablishment  of  meander  corners. — Before  proceeding  with  tlie 
ree*^tabbshment  of  missing  meander  corners,  the  surveyor  should  have 
carefully  rechained  at  least  three  of  the  section  lines  between  known 
corners  of  the  township  within  which  the  lost  corner  is  to  be  relocated, 
in  order  to  establish  the  proportionate  measurement  to  be  used.  This 
xequirement  of  preliminary  remeasurement  of  section  lines  must  in  no 
«rase  be  omitted;  since  it  gives  the  only  data  upon  which  the  fractional 
section  line  can  be  remeasured  proportionately,  the  corner  marking  the 
«:erminus;  or  the  meander  corner^  being  missing,  which  it  is  intended  to 
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reestablish.     The  missing  meandei*  comer  will   be  rccstabltfhtti  on  the 
section  or  township  line  retraced  in  its  original  location,  by  ihc  ptopyj- 
tionate  measurement  found  by  the  preceding  operaiions*  from  the  fieiffst 
known  corner  on  such  township  or  section  line,  in  accordance  witfc  tk  | 
requirement:^  of  the  original  field  notes  of  survey. 

Meander  corners  hold  the  peculiar  position  of  detioling  a  |>oint  uji 
line  between  landowners,  without  usually  being  the  IcRal  icrmintii  ujJ 
corner  of  the  lands  owned.  Leading  judicial  decisions  have  iHina^iB 
that  meander  lines  are  not  strictly  boundaries,  and  do  not  limit  l^| 
ownership  to  the  exact  areas  placed  on  the  tracts,  but  thai  said  iiile  e^| 
tends  to  the  water,  which,  by  the  plat,  appears  to  bound  the  land.  ■ 

As  such  water  boundaries  are.  therefore,  subject  to  ehan^''  ^'^  '^^"  "JB 
croachment  or  recession  of  the  stream  or  lake,  the  precise  lo.  .fl 

meanders  Is  seldom  important,  unless  in  States  whose  laws  pr  4I 

dried  lake  beds  are  the  property  of  the  State,  fl 

Where  the  United  States  has  disposed  of  the  fractional  lots  adiic^| 
to  shores,  it  claims  no  marginal  lands  lelt  by  recession  or  found  by  t^| 
son  of  erroneous  survey.  The  lines  between  landowners  are  th0<M^| 
regarded  as  extended  beyond  the  original  meander  line  of  the  ihcurc  l^| 
the  preserv^ation  or  relocation  of  the  meander  corner  is  important,  ^| 
evidence  of  the  positum  of  the  section  hue.  ^| 

The  different  rules  by  which  division  lines  should  be  nm  bciweaif^| 
vatc  owners  of  riparian  accretions  are  a  matter  of  Stale  leEislatioa  l^| 
not  subject  to  a  general  rule  of  this  oftice.  ^| 

15.  Fradimioi  sccnon  linrs. — County  and  local  surveyors  brf^^  ^-aH 
times  called  upon  to  restore  fractional  section  lines  closing  i  1  fl 

military,  or  other  reservations,  private  t^^rants,  etc.,  such  linr  '^ 

restored  upon  the  same  principles  as  directed  in  the  foregoing  pAgc?,  i^| 
checked  whenever  possible  upon  such  corners  or  monumeni*  li  ^^M 
been  placed  to  mark  such  boundary  lines.  H 

In  some  instatices  corners  have  heen  moved  from  their  original  ?^| 
tion,  either  by  accident  or  design^  and  county  surveyors  ar^  riii.  J  rti^l 
to  restore  such   corners  to  their  original   positions,    but,    ov  "fl 

absence  of  any  and  all  means  of  identification  of  such  locar»  i^^^J 
able  to  tnake  the  result  of  their  work  acceptable  to  the  own^r^^^H 
lands  affected  by  such  corner.  In  such  cases  the  advice  of  ihi%  ol^l^l 
invariably  been  to  the  effect  that  the  relocation  of  such  corner  m^^| 
made  in  accordance  with  the  orders  of  a  court  of  competent  jtin*dkt^H 
the  United  States  having  no  lon^^r  any  authority  to  order  any  chii^^| 
where  the  lands  affected  by  such  corniir  have  been  dispos^  of,         ^| 

RECORDS.  H 

The  original   evidences  of  the  publicdand   surveys   tn   the  foTI-^^^B 

Stales  have  been  transferred,  under  the  provisions  of  section  ^| 

and  22^0,   United   States  Revised   Statutes,   to  the   State   aui  fl 

whom  application  should  be  made  for  such  copies  of  the  ori«jAiwi  g^M 

and  field  notes  as  may  be  desired,  viiE. :  ^U 

Alabama:    Secretary  of  State,  Montgotnery,  H 

Arkansas:    Comm?ssioufr  of  State  Lands,  Little  Rock,  H 

Illmois:    Auditor  of  State,  Spnujiffield.  ^^M 

ladiana;    Auditor  of  Slate.  Indianapolis.  ^^^| 

Iowa:   Secretary  of  State,  Des  Momcs.  ^^H 
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Kansas:    Auditor  of  State  and  Register  of  Slate  Lands.  T^:>peka. 
Michigan:    Commissianer  of  State  Land  Office,  Lansing. 
Mississippi:    Commissioner  of  Stale  Lands,  Jackson. 
Missouri:    Secretary  of  Slate.  Jeflferson  City* 

Nebraska:    Commissioner  of  Public  Lands  and  Building*,  Lincoln. 
Ohio:    Auditor  of  State.  Columbus. 
Wisconsin:    Commissiom^rs  of  Public  Landis,  Madison. 
In  otber  public-land  States  the  original  field  notes  and  plats  are  re- 
tained in  tixe  offices  of  the  United  States  survej^ors- general, 

SUBDIVISION    OF   SECTIONS 

This  office  being  in  receipt  of  many  letters  making  inquiry  in  regard 
to  the  proper  method  of  subdividing  sections  of  the  public  lands,  the  fol- 
lowing general  rules  have  been  prepared  as  a  reply  to  such  inquiries.  The 
rules  for  subdivision  are  basecl  upon  the  laws  governing  the  survey  of 
the  public  lands.  When  cases  arise  which  are  not  covered  by  these  rules* 
and  the  advice  of  this  office  in  the  matter  is  desired^  the  letter  of  inquiry 
fehoufd,  in  every  instance,  contain  a  description  of  the  particular  tract  or 
corner,  with  reference  to  township,  range,  and  section  of  the  public  sur- 
veys, to  enable  the  office  to  consult  the  record^  also  a  diagram  showing 
conditions  found: 

1,  Subdivision  of  s^dionj  into  quarter  jfr/m/i^.^Under  the  provisions 
of  the  act  of  Congress  approved  February  rr,  1805,  the  course  to  be  pur- 
sued in  ihe  subdivision  of  sections  into  quarter  sections  is  to  run  straight 
lints  from  the  established  quarter-section  corners.  United  States  surveys. 
to  the  opposite  corresponding  corners-  The  point  of  intersection  of  the 
lines  thus  run  will  be  the  corner  common  to  the  several  quarter  sections* 
or,  in  other  words,  the  legal  centre  of  the  section, 

(0)  Upon  the  lines  closing  on  the  north  and  west  boundaries  of  a 
township,  the  quarter- sect  ion  corners  are  established  by  the  United  State 
deputy  surveyors  at  40  chains  to  the  north  or  west  of  the  last  interiov 
section  corners,  and  the  excess  or  deficiency  in  the  measurement  is  thrown 
into  the  half  mile  next  to  the  township  or  range  line,  as  the  case  may  be. 

(t)  Where  there  are  double  sets  of  section  corners  on  township  and 
range  lines^  the  quarter  corners  for  the  sections  south  of  the  townahip 
lines  and  cast  of  the  range  lines  are  not  established  in  the  field  by  the 
United  States  deputy  surveyors,  but  in  subdividing  such  sections  said 
quarter  corners  should  be  so  placed  as  to  suit  the  calculations  of  the  areas 
of  the  quarter-sections  adjoining  the  township  boundaries  as  expressed 
tipon  the  ofBcial  plat,  adopting  proportionate  measurements  where  the 
new^  measurements  of  the  north  or  west  boundaries  of  the  section  differ 
from  the  original  measuremi:nts. 

2,  Subdivision  of  fractional  secikms, — Where  opposite  corresponding 
corners  have  not  been  or  cannot  be  fixed,  the  subdivision  lines  should  be 
ascertained  by^  running  from  the  established  corners  due  north,  south, 
east,  or  west  lines,  as  the  case  may  be,  to  the  watercourse,  Indian  bound- 
ary line,  or  other  boundary  of  such  fractional  section. 

(a)  The  law  presumes  the  section  lines  surveyed  and  martced  in  the 
fieM  by  the  United  States  deputy  surveyors  to  be  due  north  and  south 
or  east  and  west  lines,  but  in  actual  experience  this  is  not  always  the 
case.  Hence,  in  order  to  carry  out  the  spirit  of  the  law^  \i  will  be  nee* 
cssary  in  running  the  stibdivisional  line  through  fractional  sections  to 


7SO 


SUI^VEYING. 


adopt  mean  courses  where  the  section  lines  are  not  due  lines,  or  to  i 
the  subdivision  line  parallel  to  the  east,  south,  west,  or  north  boufl'  _ 
of  the  section,  as  conditions  may  require,  where  ihere   is  no  opposite 
section  line. 

3.  Subdivision  of  quaricr  sections  into  quarter  quarters. — Preliminary  t^ 
the  subdivision  of  quailer  sections,  the  quarter-quarter  corners  will  be 
established  at  points  midway  between  the  second  and  quarter* seciioJi 
corners,  and  between  quarter  corners  and  the  centre  of  the  section,  n 
cept  on  the  last  half  mile  of  the  lines  closing  on  the  north  or  west  boinad- 
anes  of  a  township,  where  they  should  be  placed  at  30  chains,  propor- 
tionate  measurement,  to  the  north  or  west  of  the  quarter-section  comer. 

(a)  The  quarter -quarter  section  corners  having  been  cstablifhed  - 
directed  above,  the  subdivision  lines  of  the  quarter  section  will  be  n 
straight  between  oposite  corresponding  quarter-quarter  section  coratri 
on  the  quarter- section  boundaries.  The  intersection  of  the  lines  thus  rafl 
win  determine  the  place  for  the  corner  common  to  the  four  qDarta-^ 
quarter  sections. 

4,  Svbdivismi  of  fractional  quarter  secti&ns.—Thc  subdivision  hites 
frjtctional  quarter  sections  will  be  run  from  properly  tstabHshed  qtmnc^^ 
quarter  section  comers  (paragraph  3)  due  north,  south,  east,  or  «tit,| 
to  the  lake,  w^atercourse,  or  reservation  which  renders  such  tracts  kK*\ 
tiona!,  or  parallel  to  the  east,  south,  west,  or  north  boundary  of  tfeij 
quarter  section,  as  conditions  may  require.     (See  paragraph  2  (jt).} 

5*  Froportionate  fticasuremcnt.—  By  *' proportionate  ineasuremenl. ' 
used  in  this  circular^  is  meant  a  measurement  having  the  same  ratio  s* 
that  recorded  in  the  original  he!d  notes  as  the  length  of  chain  usecl  m  ihtf 
new  measurement  has  to  the  length  of  chain  used  in  the  original  sttr-f 
vcy,  assuming  that  the  original  and  new  measurements  have  been  ca^J 
rectly  made, 

For  example:   The  length  of  the  line  from  the  quarter-section  I 
on  the  west  side  of  sec.  2,  T.  24  N.,  R.  14  E..  Wisconsin,  to  thcL. 
line  of  the  township,  by  the  United  States  deputy  surveyor's  chaiti,  m^ 
reported  as  45.40  chains,  and  by  the  county  sur\  eyor's  measure  li  > 
ported  as  42^9^*  chains;  then  the  distance  which  the  quarter-quarter  sceuotl 
corner  should  be  located  north  of  the  quarter-section  comer  woiiM  1 
determined  as  follows: 

As  45.40  chains,  the  Government  measure  of  the  whole  distance,  11 1 
42*90  chains,  the  county  surveyor's  measure  of  the  same  distance,  so  i 
30.00  chains,  original  measurement,  to  18.90  chains  by   the  coantj  mi 
veyor's  measure,  showing  that  by  proportionate  measurement  in  ih  "^'"^ 
the  quarter-quarter  section  corner  should  be  set  at  18.90  chains  1 
the  quarter-section  corner,  instead  of  20.00  chabs  north  of  such 
as  represented  on  the  official  plat*    Tn  this  manner  the  discrepancici  1 
tween  original  and  new  measurements  are  equitably  distributed. 


Department  of  the  Interior, 

October  16,  iSgS. 
Approved: 

David  R.  FnAKCig, 

Seeretary, 


S.  W.  Lamoreux, 

ComffiiisiaMf. 
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Trigonometric  Formula 


TuooNomTRio  FuvcnoHs. 

Let  A  (Ficr.  107)  =  angle  BAG  =  arc  BF^  and  let  the  radius  AF  rs  AB -^ 
AU=i. 
We  then  have 


sin^ 

^BC 

cosX 

^AO 

tan^ 

=  DF 

cotA 

=  Ha 

aBoA 

=  AD 

coaoc  A 

=  AG 

▼ersin  A 

=  CF=  BE 

corenA 

=  BK=:HL 

exaecA 

=  BD 

coexaecA 

=  Ba 

chords 

=  BF 

chord  2^ 

=  BI=z  2BC 

Fxo.  107. 


In  the  right-angled  triangle  ABC  (Tig.  M7) 
Let  AB  =  c,  AC  =  6,  and  BC  =  a. 
We  then  have : 


1.  8in^ 

2.  COB  A 
8.  tan^ 

4.  cot^ 

5.  aec^ 


=     —     =cobB 
c 


c 
a 
F 
b 


=  8inB 
=  cotB 
=     :r     =  tanJ? 
:  cosecB 


6.    cowo  A     =     —     =  sec  B 
a 

c  -b 


7.    vers^ 


:  covers  B 


8.    ezsec  A    =      .  -  -  =  coexsec  B 


10.   coezsec^ 


c 
c  —a 


=  exsecB 


11.  a  =csin^  =  fttaa>( 

12.  5  =ccos^  =  acot^ 

13.  c=    -it^  =  _» 

Bin  A       cosA 

14.  o  =  c  cosB  =  b  cot  B 


15.      &  =  c  sin  B  =  a  tan  B 

16. 

17.      a  =  ♦^(^'6r(c-6) 


o       ^      5 
cos  B      sin  B 


18.  6  =  V\c^aHc^^a) 

19.  c  =  Va*  +6* 
30.  (?=90*  =  Jl  +  B 

2 


\ 
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TABLE  \,^CmtinU€d, 
Trigonometric  Formul^^ 


SoLvnoH  or  OBuqrm  Tkuwil 


Af 

k                                >^ 

Fm.  14361 

S9 

OITEN. 

■OPG8T. 

T01tMm.M, 

^.  -»,« 

C?,^e 

C  =  190*  -  U  +  ^,         fi  =  ^^^    ain5, 

c-  5f:i*t"f^+^> 

sa 

^,0,1. 

-B,C  u 

u 

C,tt,6 

^iW  +  ^ 

HC^  +  i?)  =  90--MC 

s» 

UiA^m 

tottJiU  -  B>  =  ^-^tan  JiUH-^) 

£« 

A,M 

MM  U  M  +  ff^ 

£7 

e 

'-'-+*Cmm-«''^'"+»'-"*«-'' 

30 

at 

<^^<J 

A 

ir=.>|a6BUia 

Let  *  -  K  t«  +  &  +c)  Site  M-i  ^  |/— ^'i  *'^ 

-^-y^^^->^-V^'.:!^r 

Irin^-   '*'*^*-"**'-*^<'-'^t 

Blnjl-                  ^^                  ; 

«i 

Area 

e..=-i--! 

ir=  *^*(f-*<i)(#-6)C*"C) 

83 

^.B^aa 

\       '^ 
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TUGONOMETRIC   FORMUUS. 


M 

85 
86 
87 
88 


41 


tinA    s 

008^  S3 
008^    s 

comA 

UXiA     a 

tea^  ss 
oot^  « 
oot^    » 

▼en  ^  a 
▼en  ^  a 
ezaeo^ 


1 


=    VI  — oos*^    =    taa^oos^ 


to&tcA 


V%yf^n2A    =     V^U  — oos8^) 

1 


=    Vl-irin*^ 


OOt^lfak^ 


•boA 

1-Tera^    a    2cos«K^-l    a    1  — 8llB«M'^ 


1  rin  ^ 


oot^ 


oos^ 


V. 


oot^A 


-  1    = 


V  sec*  ^  —  1 


V  1  —  C08«  vl 


■in8^ 


1— cob2^ 
tin2A 


▼era  2^ 
ain2^~ 


=s    eziec^oot^^ 


1 
taa^ 


tin  A 


tia2A 
1  — oos2^ 

enec^ 


V  coeec*  ^  —  1 

■in2^  1-f  cob2^ 

▼e»2^     "*        rin2^ 


1  — oo8^    a    wbiAtanHA    a    2rin«^^ 
enec^eoe^ 

▼en^ 


wecA  —  1    a    tan^tanH^ 


ooe^ 


■in  2^    a    2sin^oos^ 
om2^ 


/l^eomA    __       /yen A 

y       2        ""  y      a 


=.^5?=^ 


•    ■■■I 


i 


^H 

^H       7S€j                          suiiFEvma 

^ 

^^^^k                                      TABLE  h—C^ntmmd. 

Trigonometric  FotiHutjB, 

1                                                 Okkxaal  FoiUfui.c 

-  — =  r4^^ 

W  cot  iii^-    '^°'*        1+™^                    1 

^'•^^r^         Tere^  ^     sin^      ~caKc^^oo«^ 

B7  Tonm-         5^^«^          -         1~^^ 

1-f  ^'l-Jiirewi     a-h*'*U+"«*-^ 

68.  ¥ena^=^£BlD«^ 

66  «M»c^^-               ^^*^^ 

a  +  oo!j.i>tt^2aH-oo»4> 

"«-«^=T^1-3 

»L  iln  C^  ±  B(  ^  flin^.cos  fl  ±  do  5.eo«^ 

^.  ooaU±£>  =  ca»^.cosff'«iii^,idna 

6a.  afu  ^  +  8ln  J?  =  £«lii>iUH-^<!o«)t(^  ^  a> 

«.  idB  4  - alD  J?  =  acQiJ^ U-f- ^BiH ^^M - ^ 

m.  CO*  A  +  CO!  B  =  «CO«  34  U  4  5)  COS  HU-.B) 

«6.  co»B-coa^  =  3«fn|i(^  +  Ji>sU)MU-B) 

07.  Htn* 4  —  sio*  a ^  CQa« B  — cos* ^  =  BinU  +  BJata U- 

-Sj 

081  cofti^-aii&<a  =  ooiM  +  ir)OMU  — iQ 

I 

k                  ri^^^                      J 

20 

30I 

21 

322 

22 

342 

23 

362 

24 

38o 

25 

398 

26 

415 

27 

431 

28 

447 

29 

462 

30 

477 

31 

491 

32 

505 

33 

519 

34 

531 

35 

544 

36 

556 

37 

568 

38 

580 

39 

591 

40 

602 

41 

613 

42 

623 

43 

633 

44 

643 

45 

653 

46 

663 

47 

672 

48 

681 

49 

690 

20 
20 

18 
18 

17 
16 
16 
15 
15 
14 
14 
14 

12 

13 

12 

12 

12 

II 

II 

II 

10 

10 

10 

10 

10 

9 

9 

9 

0 


IV 

»45 

71 

85 1 

72 

857 

73 

863 

74 

869 

75 

875 

76 

881 

77 

886 

78 

892 

79 

898 

SO 

903 

81 

908 

82 

914 

83 

919 

84 

924 

85 

929 

86 

934 

87 

940 

88 

9U 

89 

949 

90 

954 

91 

959 

92 

964 

93 

968 

94 

973 

95 

978 

96 

982 

97 

9S7 

98 

991 

99 

996^ 

^^^^H 

^^^^^ 

f  \\l  Logarithmic  Sines,  i 

itc,  for  evenr  Dfgree. 

am 

Ditr. 

TAN 

Dur. 

COT 

COS 

AJIC 

301 

176 

125 

96 

79 
67 
58 
50 
46 

41 
37 
34 
32 
39 
27 
36 

3OJ 

176 
136 

97 
80 

90^ 

89 

8,343 

8. 343 

1-758 

0.000 

8.543 

8*543 

1-457 

0.000 

88 

8  719 

8,719 

1-281 

9.999 

87 

8,B44 

8^845 

t   155 

9.999 

86 

a.^o 

8.942 

i.osa 

9^998 

85 

9' 019 

9,023 

67 
59 
52 
46 

43 

38 
36 
34 

31 

29 

28 

0.97& 

9  99& 

84 

9  0S6 

9.0S9 

o.gtt 

9-997 

93 

9  144 

9-14S 

0.852 

9*996 

83 

9  194 

9.200 

0.800 

9*995 

81 

9  340 

1     9.346 

0.754 

9  993 

SO 

9.  3gl 

9.289 

1     0.711 

9.99a 

79 

9  318 

9  327 

1     0.673 

9.990 

78 

9  35a 

9.363 

0,637 

9.989 

77 

9.3S4 

9  397 

,     0.603 

9-987 

7a 

9  413 

9*428 

0.572 

9.98s 

75 

g-440 

9-457 

0.543 

9*983 

74 

9.466 

24 

31 

9*485 

27 
^S 
24 
23 

22 

0.515 

9-981 

73 

9*490 

9*512     1 

i     0.4SS 

9*978 

n 

9  51s 

9*537 

0,463 

9.976 

71 

9  534 

3Q 
30 

9*  56  J 

0'439 

9^973 

7a 

69 

9  554 

9  584 

0.416 

9-970 

9.S74 

I§ 

9.606 

32 

0.394 

9-967 

6B 

9S9a 

>7 

17 
16 

9.638 

St 

0.372 

9  964 

67 

9.609 

9.1)49 

20 
19 
19 
19 

18 

17 
18 

17 

17 
16 

0  351 

9.961 

66 

g.636 

Q.669 

0.331 

9-957 

65 

9*642 

IS 

T5 

U 
13 

IJ 
13 

9  688 

0,312 

9*954 

64 

9.657 

9  707 

0.293 

9  950 

63 

9  673 

9.736 

0  274 

9.946 

63 

9  6S6 

9  744 

0.256 

9  942 

6t 
60 

59 

9.699 

9  761 

0.239 

9*938 

9*7" 

9*779 

0.32;       1 

9*933 

97^ 

13 
12 

9.796 

0.204 

9  9*8 

S» 

9-736 

9  813 

0.187 

9  924 

57 

9.74S 

11 

9.839 

16 

O.J  71 

9,919 

56 

9*759 

10 

9845 

t6 

0,15s 

9  913 

55 

9  769 

10 

9.561 

16 

0,139 

9  908 

54 

9*779 

10 

9*877 

16 

0.123 

9.9g2 

53 

9.789 

10 

9 
9 

9*893 

IS 
16 

15 

15 
16 

0.107 

9-897 

53 

9-799 

9.908 

0.092 

9^891 

51 
50 

49 

9,308 

9  ■934 

0.076 

9*884 

g-817 

9  939 

o.o6i 

9.878 

9.836 

t 

9  954 

0.046 

9-871 

48 

9  834 

8 
7 

9.970 

IS 

15 

a.030 

9.864 

47 

9.843 

9-985 

0.015     ' 

9*857 

46 

9-849 

0-OUO 

0.000 

9,849 

45° 

COS 

I>*lf. 

COT 

Diir. 

TAN 

SIN 

ARC 

C0NS1 

rAXTS 

fl  Dr^.  =  S7*  J^srB 

og.  ».?58ii 

Lire,  i 

™  Dvg.  —  jfi,*         .  1o(j.  9  s5*?* 

*  MiH.  ^  1417'  .T47    i 

Of.  3  5^*^7 

.1     t 

Min.  =  8i&»'         \tm   *  1J44S 

*  Sec,    =  m>bM6i"A  J 

^rS3lM3 

ii         t 

^  Stc,    =  i^ybaod*    Vo<^.^A\^.v  ^\ 

*in  t'  =  6.46m 

\Q«L*o.«a^\S                           ^^ 

itm,  ptisupaid,  by  th 

f  piibliiihef^ 

1  0!  l\us 

V.AuTt^t,                  \l  «  Z**"  t*««  'l^^ 
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TABLE   II. 
For  Convxrting  Metres,  Feet,  and  Chains. 


Mbtrbs  to  Feet. 

Feet 

TO  Metres  and 

Chains. 

Chains  to  Feet. 

Metres. 

Feet. 

Feet. 

Metres. 

Chains. 

Chains. 
0.01 

Feet. 

I 

3.28087 

I 

0.304797 

O.OI51 

0.66 

2 

6.56174 

2 

0.609595 

.0303 

.02 

1.32 

3 

9.84261 

3 

0.914392 

.0455 

.03 

1.98 

4 

13.12348 

4 

1.219189 

.0606 

.04 

2.64 

5 

16.40435 

5 

1.523986 

.0758 

.05 

3- 30 

6 

19.68522 

6 

1.828784 

.0909 

.06 

3.96 

7 

22.96609 

7 

2.133581 

.1061 

.07 

4.62 

8 

26.24695 

8 

2.438378 

.1212 

.08 

5.28 

9 

29.52782 

9 

2.743175 

.1364 

.09 

5.94 

lO 

32.80869 

10 

3.047973 

.1515 

.10 

6.60 

20 

65.61739 

20 

6.095946 

.3030 

20 

13.20 

30 

98.42609 

30 

9.143918 

.4545 

.30 

19.80 

40 

131.2348 

40 

12.19189 

.6061 

.40 

26.40 

50 

164.0435 

50 

15.23986 

.7576 

.50 

33.00 

60 

196.8522 

60 

18.28784 

.9091 

.60 

39.60 

70 

229.6609 

70 

21.33581 

1.0606 

.70 

46.20 

80 

262.4695 

80 

24.38378 

I.2I2I 

.80 

52.80 

90 

295.2782 

90 

27.43175 

1.3636 

.90 

59.40 

too 

328.0869 

100 

30.47973 

I.515I 

I 

66.00 

200 

656.1739 

100 

60.95946 

3.0303 

2 

132 

300 

984.2609 

300 

91.43918 

4.5455 

3            198          1 

«400 

1312.348 

400 

121. 9189 

6.0606 

4 

264 

500 

1640.435 

500 

152.3986 

7.5756 

5 

330 

eoo 

1968.522 

600 

182.8784 

9.0909 

6           396 

700 

2296.609 

700 

213.3581 

10.606 

7           462 

800 

2624.695 

800 

243.8378 

12. 121 

8       1     528 

^00 

2952.782 

900 

274.3175 

13.636 

9       1     594 

cooo 

3280.869 

1000 

304.7973 

15.151 

ro      •    660 

feooo 

6561.739 

2000 

609.5946 

30.303 

20         1320 

iCXX) 

9842 . 609 

3000 

914.3918 

45-455 

30         1980 

iooo 

13123.48 

4000 

I219.189 

60.606 

40         2640 

^000 

16404.35 

5000 

1523.986 

75.756 

50      ,  3300 

Sooo 

19685.22 

6000 

1828.784 

90.909 

60         3960 

/coo 

22966.09 

7000 

2133.581 

106.06 

70      ,  4620 

iooo 

26246.95 

8000 

2433.378 

121 .21 

80      1  5280 

>xx> 

29527.82 

9000 

2743.175 

136.36 

90      1  5940 

^ 

IH 

IC3 

CBOO 

000 

,«oa6 

.omS 

,oi?o 

^ 

tl 

04*4 

:3II 

3 

,05  3  J 

^0S*S 

.m 

13 

.07^1 

,0899 

0934 

m 

VJ 

.H6i 

H7I 

.1^39 

.la^i    .iH 

M 

■U9« 

-'5*3 

'553 

1534    -if 

\l 

.irfii 

'^ 

.iSiS 

^«»47 

1873 

4 

.ao4i 

.^06% 

ao95 

.iiiaa 

.»t4J 

'^V 

\l 

.slot 

ll^l 

^n^s 

:^9 

'9 

.ajU 

,3SlD 

.,833 

.jBsft 

ail 

W3 

-jato 

y>ja 

■^o5^ 

-F 

3^1    3  J 

aj 

.aaia 

.3943 

.3363 

33oJ    331 

33 

■  34^4 

3444 

.34^ 

34S3 

35^4    31 4 

*J 

36t? 

3^je 

^3655 

3674 

069^ 

.17*1 

14 

i&02 

.383a 

,381s 

0«i6 

0874  389 

IS 

jyre 

*3^7 

■  ♦OM 

,403J 

.4^    ^4<>e 

,4150 

.^m 

^4«83 

.4«» 

.43i(     .43^ 

37 

43 '4 

:;ji; 

-4M« 

.43«» 

437J     -439j 

:4i;: 

.45P* 

.45i« 

■.1^\  :JUi 

»5 

^4^34 

.4©i4 

.4669 

je 

■4n* 

.47S6 

.48* 

.4SU 

;:5ll  1^ 

Ji 

■*^'4 

4S»*8 

■494a 

.4^35 

3= 

.5051 

:f4 

5079 

-509= 

S*03    .5115 

13 

.5i«S 

.jair 

S"4 

5^37      S*J< 

34 

.5IT5 

53»fl 

-1340 

'5353 

53^      53T« 

j3 

5441 

S453 

.546s 

-S47l 

,3490 

is; 

SS^S 

'557  J 

SS&7 

SSM 

.5611 

li 

.see. 

5694 

5705 

.571T 

-57*9 

S74<: 

57^ 

5809 

.SB« 

tH^ 

^584^ 

M 

.5911 

igia 

-5031 

-5944 

*ns^ 

-59^ 

4fl 

.6omi 

.6031 

.6.H1 

■6053 

.6064 

fc71 

41 

.tt*% 

.6ti? 

**M9 

.eiCe 

**I7C 

,6»8c 

43 

.6.33 

.6143 

.6,53 

.6^3 

*6»74 

,6a8^ 

*2 

'*335 

.6545 

*63S3 

.JjfiS 

-ei|?i      63»! 

44 

*435 

<S444 

'6454 

Li^ 

^7^^^ 

I 

■ 

■ 

■ 

■ 

■ 

1 

1 

■ 

1 

I 

1 

■ 

1 

h 

■ 

^ 

■■ 

1 
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TABLE    III.— C^ntmmd. 

~  i 

Logarithms  of  Numbers. 

^ 

, 

S 

3 

4 

5 

e 

0 

Proportional 

Parts. 

0 

1 

t 

8 

1 

" 

" 

lU 

I  S 

4 

0 

6 

7 

a 

9 

7413 

^7419 

74^7 

7435 

7443 

74St 

7459 

,7466 

7^74 

6 

.?*«■' 

'7497 

'7S05 

7513 

75« 

.75^8 

'75j6 

7543 

7551 

'755^ 

;J^ 

7574 

7S8» 

7SB^ 

*7S97 

.7604 

,7611 

.7&19 

,7**7 

E 

7^3-1 

7049 

.7657 

7«^ 

^7*7^ 

.7679 

.7656 

.7^4 

77or 

■7r<^ 

T7«* 

.7733 

7731 

774! 

77S» 

^77w 

7?6? 

7774 

-7«53 

77^ 

779fi 

7S03 

.7810 

.7818 

78^5 

7SJI 

-7839 

.784^ 

s 

7Bfc 

.7B6S 

7B7S 

,738=, 

.7SS5 

.7896 

.7903 

.7910 

79t7 

4    S 

■  7934 

793" 

:JS? 

7*H5 

.7553 

-7'55'-J 

79*6 

]^ 

.7980 

.7^87 

s 

.?993 

Si^ 

.8pi4 

.Bc^=i 

SojB 

ao,s 

-8o4e 

e-55 

s 

.fces 

.fcfig 

.8075 

.Bota 

,8oft^ 

.809^ 

.8i«i 

.8109 

.8116 

8lS3 

.81^9 

.B130 

Bus 

a. 49 

.815^ 

.8i6a 

.8TA9 

.8176 

.Sifli 

B1S9 

•'95 

.8»3 

9i^ 

.8.15 

,873a 

.8«a 

.8.35 

8.4. 

,8348 

8354 

.Bm6i 

.a^e? 

8*74 

.SaSo 

.8/87 

.8^91 

Sa^ 

.8506 

,831= 

,8319 

«3»S 

fl33» 

B33S 

B344 

8351 

a357 

8363 

.8,70 

.8376 

-H3«* 

.«j»a 

-aj95 

.S401 

B407 

84M 

.S43C 

J4=f6 

a**^ 

8439 

8445 

Ai5» 

8457 

8463 

.8470 

847« 

.Ma 

84BI 

.849* 

-Bsijo 

Sso6 

.Sst^ 

8519 

Bs^S 

Bg^i 

■B537 

.S54J 

SS49 

flSS5 

.8561 

.8567: 

.8573 

8579 

BSS5 

.B591 

-B«i^7 

.860, 

,a6a9 

.&615 

8e?T 

-S637 

, 

^Mjj 

-863, 

.8645 

.Bfiji 

.St^S? 

.866"] 

.8569 

.8S75 

.868t 

8616 

e 

.S69. 

,H69B 

-S7<i4 

.37*0 

.S716 

.8733 

^67.7 

a733 

8739 

8745 

:la 

8jsfi 

a?^* 

BT^ 

'B7?4 

^779 

87S5 

a79^ 

.8797 

BSoa 

,S?M 

fiao 

,88.5 

.88,1 

.8837 

884^ 

.8848 

,8854 

,8859 

■  Kfis 

.M7r 

.8s?e 

ja«9 

-8817 

8893 

<3399 

.89*4 

.8910 

891S 

.8^1 

.i9»T 

,B933 

B93B 

:'4Ji 

.894*) 

.S954 

.8960 

.8965 

,8971 

*8W« 

%«» 

.8987 

■fl993 

.9004 

9009 

90»5 

5030 

9^5 

3 

m^ 

,9€4« 

.9047 

9053 

9^58 

.90<53 

^9069 

9074 

.9*79 

9090 

.9096 

.910* 

,9106 

.911a 

.9117 

.911a 

.91*8 

.91J3 

9'4| 
,9*90 

■  9M9 

9IS4 

9'S5 

9165 

9170 

9175 

9iSci| 

,9186 

(1   i 

'ft^i 

,9301 

.9^13 

9'17 

.9231 

.9327 

■^: 

,9=«|8 

|I   1 

WJ 

,9i|B 

9^53 

9^58 

.9163 

.9»6<; 

9274 

9^79 

9'&9 

.9394 

,9199 

9304 

■9309 

-9315 

93M 

93*5 

933« 

'93 15 

9J40 

'9345 

9ISO 

9i55 

93<So 

.93*5 

.9370 

9375 

93S0 

.9385 

.9390 

*9J1JS 

94«» 

94^5 

94)o 

94JS 

.g4*r 

94^5 

9O0 

^m 

944« 

9€43 

V450 

9455 

-946Q 

(j4^S 

,  g+fkl 

9474 

:r^? 

:?j;i 

©494 

9499 

95«4 

-9S«9 

95  V3 

.ijSr^ 

9533 

'9533 

S>S4" 

■9S47 

9551 

2IH 

956a 

.95«« 

9571 

-957* 

^958j 

9SB6 

>S^ 

,96* 

.^rficJS 

.960^ 

9*M 

Vii9 

.9&»4 

.9678 

9633 

^ 

,9643 

9647 

^65. 

9657 

.966] 

.9666 

^gtyff 

07S 

.9*80 

:9^ 

.969*1 

-9*99 

.970  J 

.97^ 

9713 

■  9717 

97" 

97=7 

►731 

974  i 

9745 

975c 

9754 

97S9 

97^3 

.976€ 

9773 

^ 

•JTT 

.97»» 

.97W 

;S 

.9795 

.9800 

-9S0S 

98<^ 

9^14 

.9818 

■ 

9X1 

^98>7 

.9«3« 

.9841 

9845 

,9850 

9854 

9S59 

.9863 

0 

^H 

.9*7- 
9$>7 

-9877 
993> 

^99*6 

,988* 
•9930 

9890 
^9934 

9804 
9'?i9 

989-3 
9943 

9948 

99«^ 
995» 

0 

n 

^a« 

•99*1 

W6j 

99*9 

"9^4 

.9978 

9983J 

c^S? 

'999» 

-999* 

i 

W                        J 

■ 

■ 

■ 

■ 

■ 

r 

m 

■ 

■ 

■ 

^H 

■   ■ 

1 

r-4S££*5, 

?6l 

1 

TABLE    niA.—antmwU 

1 

Logarithms  of  Sines  and  TA^?GENTS, 

1 

1 

1 

4' 

■ 

Sin, 

Cm.    T«o.| 

Cot. 

Sin. 

Cos. 

Tan. 

Cot. 

Sin.  1  Coi. 

Tan* 

Cot. 

</ 

S54»8 

9.  £^7 

B-5*|t 

1  4S<S9 

S,7»«8 

9  9994 

8  7194 

t,sBQ6  8,8436'9.()9«9W44^5 

1   1554 

60' 

l 

-54*4 

99*? 

^54^7 

4533 

7^13 

9994 

TJ 

.378a 

,8454'   .99B91    8465 

1535 

?? 

s 

-5S^ 

Q'jy? 

.5503! 

.4497 

.7^f 

9994 

.7758 

,8473     .Q*^9|    ,8481 

-15*7 

3 

'S53J 

9Q9T 

5538 

4*^^ 

.72^ 

99^4 

'»734 

.8490    .99^9:    8501 

.1499 

57 

4 

^557* 

9997 

:ii:i 

44  »7 

.7183 

9994 

7^9° 

,»7io 

,8S^,    9989 

.8518 

14S7 

S6 

s 

-560s 

.9997 

■  4193 

73'^ 
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round  Lv    Idansit  and  Stadia ...:-■- 


INDEX.  823 

PACK 

Contour  Lines,  Found  by  Clinometer 291 

Used  in  Computing  Earth-work 423 

Contour  Maps  in  City  Work 404,  415 

Coordinate  Protractor 168 

Corner  Monuments  in  Land  Surveying 181,  634 

Cannot  be  Established  by  Surveyors 635 

Cross-sectioning  in  Earth-work 452 

Cross-section  Polar  Protractor 1 14 

Cross-sections,  Areas  of,  in  Rivers 306 

of  Least  Resistance 344 

in  Earth-work 450 

Cross-wires,  Illumination  of 568 

Setting  of 252 

Current-meters 316 

Rating  of 317,  331 

Use  of,  in  Streams 316,  331 

Conduits 329 

Curvature  and  Refraction,  Tabjes  of 481,  599 

Datum  Planes  in  Cities 413 

Declination  of  Magnetic  Needle 20 

Variations  in 20 

The  Daily  Variation 20 

The  Secular  Variation 21 

Other  V^ariations 29 

To  Find  the  Declination  with  the  Compass  and  an  Observation 

on  Polaris 29 

Lines  of  Equal  Declination  in  United  States  or  Isogenic  Lines..     23 
Formuljc  for  Finding  the  Declination  at  82  Points  in  the  United 

States  and  Canada 25 

Declination  of  the  Sun 44 

Method  of  Finding 44 

Correction  for  Refraction 45 

Table  of  Corrections 48 

Deeds,  Investigation  and  Interpretation  of 229,  435 

Deficiency,  Treatment  of,  in  City  Work 433,  638 

Differences,  Finite,  Method  of C85 

Construction  oi  Tables 685 

Derivation  of  Formulae  for  Evaluating  Irregular  Areas 688 

Direction  Meter 332 

Discharge  of  Streams 310 


Uischaige  of  Streams — Measuring  Mean  Velocttlcs  of  Water  CurreDii.  3l« 

5  u  bm  crgcd  Floats  , ,  ^ .  <    ....**.  h,  ...*«...,,  ^ ,. , ...,«.*..  ^ .  jri 

Current  Meter** .,.,.>»,,  .,,^.*.  «,. ,  ..-,.*,•..  |rt 

Rating  the  Meter .,...,.»....,_,>..-.*,,._,,,,,,,.  jr; 

Rod  Floa  ts  .,.*,.*» >  -  ^  .    •--.,... *  * . ,,-,.,♦  J13 


Parti  of  ibe  Ci-ossr^ecii^s. .  JSf 
vcr  the  Cross-sect  too.  ,*,..  ^ 


>rmulEe  for. 


Comparison  of  Methods 

Relative  Rates  of  Flow  in 

CoTTjputation  of  the  Mean 

Sub-currents  . .  * . ,  * 

Flow  over  WeJrs ..,...,. 
Formula  and  Correctioi 

Miner's  Inch.* ,*.***,, 

Flow  of  Water  in  Open  Ch^ 

K  lilt  c  [  s  Fi  fT  m  Li  I  a?  ,..,.,..,***..  * ,.**».., ,  * .        j ;. 

Form  Ilia-  for  Urick  Conduils  .*...*..... .-,,*,,_**.  .^      TJJ 
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Ex.tiiiilc ::. 

Ad  just  nu- III   Ml'  Laij^cr  Systems ::i 

Coin  put  in. i;-  tlie  Sides  of  the  'rriant;k's ::; 

Latitude  aiul   A  /;  inu  1 1> ;:• 

C""nd:l  i>  -US  <'t   t  !](.■  I  )i^eu^s  rtn ::^ 

I<'un'l    I'V    (  ):■>'•  I  \  .a  .1  iiis   on    C"ircumpf)lar   Stars   at    Kit 'ii^'.i::'  :i 

and  ("ui  mi  n.ii  i'  Ml :;;-'_  -  - 
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'Id)e     lar-rl : 
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.^L•,ln   to  Sidr:<'ai   dime. .  .  .-- 
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<  >b^ei  vatioi;    t-r     lime :- 

Sc-:.-  li.ei    o:   Siars ,. 

L'-l   ot   So;;;iirr:i     I  ;m.-  Stai  < ;- 

^^  an     1  ,;a.-   ..I     \  \  ai\-\\ :• 

Aitil  ude  '   f  S[,o- ;. 

^Ll"K[nL;    I  he  (  )l,^,-i  \  aMoiis ;. 
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Sddv'b  PriQcIpal  Species  ol  Wood   .  „  .    ►.,.,.- 


8to,  s  M 

8to.  I  S» 

Byo,  ji  s« 

Sondericker's  Graphic  Statics  wit^  A]>pUcfttiooj  to  Truatei,  Beamt,  and  Afthti. 

Walt'fi Eagtne«Hiig and  Archltectura]  Jurisprudence ..,...,,« Bvo,  6  ea 

Slieejf,  «  s« 
L««  of  Operatiotii  Frelimituur  to  ConttraeUoo  In  Encfaeerlitc  *t^d  Jiathi 

ueture ......,,    ....................  . . , Siro.  5  oe 

Sheep.  5  so 

Law  of  Contracts  .  , .,,.....,....***.. S*o .  1  fi* 

Woodbury's  Fir*  Piotcction  qf  Mills  ..**.* .      8tp.  1  50 

Worcester  and  Atkiti«on'fl  SoiaU   Ho«pitAl$,  E^tabhslmiene  and  Maicitefiaiiec. 
Suei:e£tions  for  Bospita]  Af chitecturc^p^  wtth  Plans  f 01  a  SmaU  Bofpltal 

timo,  I  jfji 

Tbe  World's  Columbian  Exposition  of  tS^j. .,,..,, Lflrfe  4to,  t  m 


ARMY  AlfD  HAVY. 


I 


8«iRadou^fi  Smokeless  Powder,  Nitron: ellulose, and  the  Hieory  of  the  Cellulosi* 

Molecule  ....,.....,.,.  .,.,-. *.....,....,  1  amo,  3  s* 

•  Brufi'B  Text- book  Ordnance  and  Gunoery ^  *...-.. .              .  Sto,  6  oo 

Ch*sc*i  Screw  Propellers  and  Marine  Propulsion....,.,,,,.,,^,..      .    ,    giro.  3  00 

Craic's  Aiimuth ,    , , .                 ,..,..., 4to,  j  jo 

Cr»hore  and  Sgiilns'*  Pnlariimi  Pboto -chronograph ...»..*..»...  Sy^,  3  oo 

CronkhUe's  Gunnery  for  Kon-comml^ioned  Offleers.  .,,..,  *94i&o>  moroeeo,  1  w 

•  Ditvis's  Eleizienti  of  Law   , ,  , , , . .........     Bto.  l  S* 

•  Treatiae  on  the  Military  Law  of  United  Stales .   Sto,  7  Oi 

De  Brack's  Cavalry  Outpost  Duties.     (CaiT. }.. 241110  morocco,  1  00 

Dieti*»  Soldier's  First  Aid  Handbook ...,,,, ^ i6mo,  morocco*  i  1$ 

'  Dredae's  Modem  French  Artillery  .... . , , , . .  4to,  half  morocco ,    15  00 


Durand's  EesisUnce  and  Propulsion  of  StlifM. 

•  Dyer's  Handbook  of  Light  Artillery. ........ 

EUslof'a  Modern  High  Exploaives 

•  Fiebeser's  Tezt-book  00  Field  FortijEicatlon, . . 
Hamilton's  The  Gunner"*  Catechism. .......... 

•  Hoff's  Elementary  Naval  Tactics.  ....»,..,. 
Ingatls's  Handbook  of  Problems  In  Direct  Fire. 


-Sro, 

jamo* 

Svo. 

Small  Bvo, 

tSmd. 

8to^ 

Svo, 


•  Ballistic  Table* . .     a»o. 

•  Lyons's  Treatise  on  ElectroituiE^etic  Fhanomena.   Vok,  I.  mM  II.  .BTo.eadu 

•  Ma  han't  Permanent  Fortifications.     (Mercur.K  . . . . , .   Bto,  half 
Manual  for  Courts-martial ,..,.,.,. t&mo 

•  Mercuf's  Attack  of  Fortified  Places. .... iivao. 

Elements  of  the  Art  of  War.  ............>,. .  -      .....  8lfO, 

Mete  all's  Cost  of  Manufactures— And  the  Adminlitimtlon  of  Wrsrk&h^tps,  Pu^Ec 
apd   Private    .,,........,.,...,..  ...^ ,»,,.  4to, 

•  Ordnance  and  Gunnery.     3  ^roltu .,....,,.,.  «i , .... .  I  ttno. 
Murray's  Infantry  Drill  Regulations. ..,.., ,  tftmo,  p*pcr« 

•  Phelps's  Practical  Mftrinie  Surveyinff ...  .,,..,* , ♦  4 , 8**, 

Powtir»  Army  Officer**  "EiammtE .  . .      ,.,*.,, , .  - . . .  itm«^, 

S!  trpe'ft  Art  of  Subsiitma  Kimwa  Viv^Wat ^ . . 

% 


J   Oft 

4  00 

T    00 

i  3d 
4  Oft 
t  so 
«  «0 
7  ift 
I  5* 
a  o* 

4  o* 

5  «• 
S  •• 

1  9« 

4  •♦ 


I 


I 


•  W«ike't  Lectuiis  on  Eipiosi  ve*        ,,  , ,      ,,...*.,.».,..»...*..,.»,  oTO  .  4  «> 

•  WheeJ*r*s  Sieae  Op^fiiipna  and  Miliiary  Mlaltif « .....,......,..*■-. .  *8¥o^  a  o» 

Wlnthrop's  Abridgmcat  of  MLUtAr^r  Law ,.,».,  ^ * ...  lamoi  2  S<^ 

W&odhTili's  Hotef  on  MilitafT  Hyfirne    ....,....,..,.,.,,.,.*..... .  i&^d,  I   S* 

YinunE's  Simi»lE  Elements  of  I1avi£atioa ..,.,,,,«.«.,,,,.., ,  i6mo  morocco,  i  00 

Second  Edition ,  Enlarged  and  ReTised,  .«,..,......« .  .i6mo^  morocco ^  3  00 


ASSAYING. 

Vklchvr'i  Pracikal  lufttractioo]  In  Otuatltstire  Atmjing  with  th«  Blowpipe. 

iimo,  morocco,  t  50 

Funnan^i  If  aduaI  oT  PracELci,!  Aasafing ,,...,,....,,.... .8vop  j  00 

MiUer'i  Manual  of  Aauytms ,.,,  ^ ,.....,.,...,,  ^ .« .  l^rao,  i  tto 

O'DrLscoirs  Wotes  00  the  Treatiuent  of  Gold  Of«l.  ,,...,♦..,,*_, .8to»  a  oo 

Rickettt  and  Miller**  Notef  on  AasA^ng  ........*......*.*............  Ctoh  3  00 

01ke*s  Modern  EiectrolFt^c  Copper  Refintng ,  Svo,  3  00 

Wilion'i  CjranJde  Proceia«s * . , . . .  lamot  i  so 

Cbtoriaatioa  ProceH. lamo,  i  jo 

ASTRONOMY- 

Comstock's  Field  Astronomy  for  Engineers. Bvo,  3.  so 

Craig's  AzLmutb .,....*.» ♦,,»-.,,»,,...*,......  .4to<  1  50 

Doolittlc's  Treati&e  on  Practical  Astrononjy.  .**.,,. » 8¥o»  4  00 

Gore's  Elemunts  of  Geodesy , *  * .  * . . * * .  Svo,  a  so 

Harfofd's  Tcit-book  of  Geodetic  Aitfonomy ,  .Sto,  3  00 

M«rnman*e  Eiement«  of  Precise  Surrerlng  and  Ovod*!? Bto*  3  50 

*  ICchie  and  Harlow's  Ptactical  Aatronomy ..........................  Sto*  j  00 

*  WhlCo't  SlemenU  of  Theoretical  And  Dstciiptlire  Aatroaomy , ....  iamo«  a  00 


h  BOTAmr. 

Oftvtoport'i  Statistical  Methods,  with  Special  Reference  to  filological  Variation. 

i6mo,  morocco » 
Ttiomi-  and  Bennett's  Structural  and  PbfSiologica]  Botanj.. ......... .  .i6(mo, 

Weatermaier's  Compeodiuiii  of  Genera)  Botany,     (Sthneldet.).  ........ .Svo* 

W  CHEMISTRY. 

Mriance'i  Laboratory  CakuUtions  and  Specific  Ora'rtty  Tablea. .......  i^mo, 

4llen*s  Tables  for  Iron  Analyiii ,Bto, 

Arnold '1  Cofnpendium  of  Chemistry «     (Ha^daL)     {in  pptsparoHofn.) 

Austeq'i  HoiBS  for  Chemical  Students ..... ....................  lamo, 

Bamadou*s  Smokeless  Powder.— Nitro-celluIiJWp  and  Theory  of  the  Cellulose 

Molecule .,...,.....,. .,...,*,.....,......,.  i  amo» 

Bolton'i  Quantitative  Analysis ....... ♦.,,.♦»..*,,.  8to» 

•  Browfling'i  Introduction  to  the  'RMter  Element  .,....,..  .... ...  .8to» 

Brush  and  Penfield's  Manual  of  DctermlnatiTe  Mineralogy. ............  .0to 

Clatsen's  On*ntiUtiTe  CbeEuicaJ  Analysis  by  Elettrolyais.  (Boltwood.)    , .   Sto» 

Cohn's  Indicators  and  T$st-pap*r» . . ...>... .tamo> 

Tests  and  Reagents . ..... ..........  8to» 

Cope  land '3  Hancial  of  Bacteriology.     (In  pr»paraiion^) 

Craft's  Short  Course  m  QuaiitatiTe  Chemical  Analysis.  (SchaefferJ.  ..,i2mo» 

Drethseri  Chemical  Reactions,     i  Merdii ) tamo, 

Ihihem's  Tbermodynomlca  and  Cbembtry.     tBurg en.)  ..............  .8«<^ 

Ei^lcr's  Modern  High  £.xplo«iTea ^  .«.•...,........-    - 

a 


I  as 
3  19 

a  00 


i  ^9 

1  so 

a  50 
1  so 
I  50 
4  00 
1  00 
a  00 
1  00 

I  m 


.Bv&f 


out'*  Bnzrmn  ADd  tliek  Ap^ltcAtJoni.     (PfcicotL} .  ...  Sto.  j  » 

BrdtiiAnn'a  IntTDducdon  to  CheiuicAl  Pre^riUoni.     (DunlftpJ . . .  ttitK»,    i  i$ 

Flatcber'R  Practkal  Instructions  in  OuAntiUtjv^  AsftAfing  witli  tb«  BloiTpipe 

Fowler's  Sewage  Worki  Aaalrces. ............. ..^ , . .  .isno,   i  oo 

FtetaoiuK's  Manu&l  of  OusUtdUTe  Cbrmicftl  Antl^k,     (Weill.). .§»«   s  « 

Manual  of  Ou^Utatlva  Cbeoilcal  Analfsli.     Part  h    Dtscttptirt.     ( VvHa^I 

Brvtem   of   laftmction    la    QamniiUitlYW   Cbeoilcal   AnalTsis.      (Colia*) 

a  Toli.* , . .     .-,.... twOt  U  Si 

Faertei*!  Water  and  Public  Health .  _  . . , ,-...,.,  •  f  amo,   t  ft 

Fiinaa.D^i  ManuaJ  of  Pr«^ctical  kBMjia%. _.,..«..«... ....*. *St««  ^  ee 

GiU'i  Gai  and  Fuel  AnaJysift  for  Engineera    ,,...., 

0rotenfelt'«  Pi:]ncii»le£  of  Modern  Bairy  Practice.     ( WolL) 
Hammaretca'i  Text-book  of  Ph^slologkal  Ctieiaistry. 
B«li!i*a  Principles  of  MatbemAtical  Chemiatrr.     (Morffafl^ ) 
Hlnda'a  InorEantc  Cbemistrr. , , 

•  Laboratory  MartuaL  far  Students 

Bolleman's  Tea t- book  of  Itioreanic  ChemJstry,    (Cooptr.) , , ,  .fira. 

Text-book  of  Oreanic  Ctiemiitrr,     <Walker  and  Mott-). .....«»...  .Btq, 

Hop^ni'i  OLl-chemliti'  Handbook.  .  .    .        . * . . »  .BtOi 

Jackion'i  Directloaa  for  LaboratoiT  Work  In  Pbfaiol&fica]  Chemisfir.  .Svo» 

Keep'i  Cait  Iron .....,,,..  ......,...._.   Srn* 

Ladd's  Manual  of  Quantitative  Cbemieal  Analysis. .....«......,.,.««.  .xinur 

[4Ln4auer^s  Spectrum  AnaiTiis.    (Tingle.  > *.>*,.....*,...,.,, ft»ft, 

L«Mar-Cohn*s  PraetJcal  Urinarr  Analyvia.     (Lorenz.) ,  ,*.,.,....,....  xasiQ. 
Laafib'a  The  Inspection  and  Analytis  of  Pood  with  Sj^elAl  Ref«mtL«*  t)0  State 

CoTJtroU     {in  jrreparntiim,) 
Ulb's  Electrolysis  and  ElectrosfnthealsorOrKankC^mpoyDdf*  (Lorenx.)  ixmo, 
Handers  Handbook  for  Bin -chemical  Laboratory ,.,.....  .  laiino, 

•  Uaftin'a  Laboratory  Guide  to  Otuilitative  Analyiis  with  the  Blowpiiie .  .  tstov, 
i(aaon*B  Water-supply,     f Considered  Principaliy  from  a  Sauttary  St»ndi>omt.} 

^d  Edition.  Rewritten .  . , 8to^ 

Exsmioation  of  Water.     (CbeniicaJ  and  BactedoiogicaL ) . .  .  .....  .  lamii, 

H#yer*s  Deteiminayon  of  Radicles  in  tarboo  Comi^rands*     (TLncle.),  ,I3J1m» 

Hlller**  Manual  of  As^ayln^ ....  ............  ^ , , i  im^, 

Mlxter'i  EicmentaLTy  TeiC-book  of  Chemiatry  ..*,.....»*»«... iai&«i, 

Uofs^a^t  Outitne  of  Theory  of  Solution  and  its  Result*. t  j'sui, 

Sfements  of  PhyiJcal  Chemiatry      .     .  , ,  ^mo^ 

Ilichola's  Water-supply.     (Considered  mainly  frois  a  Chetbkai  &ad  S&niury 

Standpolot,  1883  J .,.:...     .    .g»„, 

O'Brine'fi  Laboratory  Guide  in  Chemical  Analyili g^^^ 

O'Driscoirs  Notes  on  the  Treatment  of  Gold  Ores t^to, 

Oit  and  Kolbeck*f  Ttxt-book  of  Chemical  Technolofy.     (Loreni^BoiArt  > 
(fn  prepomtiitn,) 

•  PenSeId*s  I9ot«»  on  Determinative  Minemloey  and  Record  of  Mln«r&r  Te^is 

Svo.  iMper, 
Pkt»t^  The  Alkaloid!  and   their  Cbemlcal   Constitution.      (Biddtc.)       (In 

prtparot'ion .} 
j^inner'v  Tnti^duction  to  Orjftatc  Chemistry      (Austell). ......      ^  .      1  a  mo* 

Poole's  Calorific  Power  of  F«eb.  ..........,..,.....*.....,...,,._  ^  ^  t^a 

•  Reislg'*  Guide  to  Piece- dyein^r. .........,,-..,.,..,.,....,..,.  g*«^  j|  « j 

Richards  an  d  Woodman 's  Atr  .Water ,  and  Food  from  A  Staitary  StM^dpolnt .  9vo,  1 
Rkb«rd«*a  Cost  of  LlFing  ai  Modified  by  Sanitary  Sctenea ...*,....  tamot   1 

C»t  of  Food  a  S\Mdi  \vi  Ii\tt4riet ,    ,  .  . , ,  .  t:tiD»^   I  • 

•  Richard*  aTiii  Wm\am%*i  T\vfc  ^\t\a.ri  Com^^Xki  . ,  .V. g,^   ,  I 

RUkett*  aad  R^mHWt  Sk*'Wt&ti^<a^«^^iVia\^wi.%sit^\*'a£^^     ^C»iKe*.x.-_ 


I  15 

a  m 

a  eo 
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1  ^1 


.Vl5j, 


Rlekfltts «ad  MiUer*!  Kate* on  Asshfihe .    .  ^*. ..*.**..* -   Sto,  j  qo 

Rldeal's  S«WAffD  An4  the  SacrrrUt  Fufiticftiioti  of  3ew>g9. « ,,,.  ^  .,».., .  .SvOt  1  ^ 

DlBlnlectioiL  and  the  Preservation  of  Food. .......,.,,..,,,...,..  3to»  4  oo 

Euddirn«n*a  lncom{MtibiiitieH  lu  Pre&cnpnoiu,    .....................  .Sto,  a  00 

Silkowiki's  Phpiologicml  and  Patholocical  CbflmlBtrr.     (Orndorll.). . ,  .Sro^  1  50 

Schimpf  1  Textbook  of  Volumetric  Arialjsia. . , .  lamp,  a  so 

Essentials  of  Volumfltric  Aoalyiis ,.. ...........,i  3mo*  i  as 

Sfwncer'B  Handbook  for  Chtmlftf  of  Beet-fiAgar  HoutaSp — .  .ifimot  moroeco,  j  oa 

R&ndbook  for  Sugar  Manufactur«ri  and  their  CbenuiU.  .161110.  morocco,  a  00 

Stockbridge^t  Rocka  mnd  Soils. ,..*.,,,.,,,,.,,............  Std,,  3  S« 

i  *  TiUman's  ELementarr  LesBona  in  Heat . . . ,  , 8^0,  i  50 

^  *          DeBcripciTf  General  Cbemiatrr ...*.***.. .*.*.  8vo  j  00 

TrendtfeU'a  0^*lit«tlTe  Analrai*      ( HatL )  ..,......,,***,.,...,*...,,-  Sro,  3  00 

TtimeAurt  and  Rufiscira  Public  WBCer-iui»plie« ,.,....,.,,,.,,.....,,,  »Sto^  5  «« 

Van  Deventcr'a  Physical  Chemifltrr  for  Besmnen.     (Boltwood*)^ . , .  w .  lamo^  i   ^ 

•  Waike*a  Iccturea  00  ExplottTea , * BtQ^  4  tMf 

WeUi'a  Laboratory  Guide  in  ^alitative  Chemi^l  AnalTtit..  ..........  .Svo,  j  50 

Short  Courar  in  InorE^anic  Qualitjitivc  ChemlcaJ  Aimlyils  for  En^meerinc 

Students ................  iimo,  i  so 

WhJpple'a  Micf 01C0P7  of  Driakinc -water. . . ,  , ,  * 3yo»  3  so 

Wiechmaan'B  Sufnr  AnalTsia .._.,. .Sumll  8vo.  3  9« 

I  WilBou'p  Cyanide  Pro ccfaei.. _,.,.....,.„,,,*.,.,.,,,„...   lamo,  t  s« 

I            Chlorination  Frocesf . ..,......,, , ,.,,*,.,«...,  i imo  i  50 

WuIUne*a  Elemeotary  Cotine  b  Inorganic  Fb«roiAc«uticftl  aa4  Heilic«l  Cbcm- 

iatry. .  .  ... ,  tamo  a  oa 


CIVIL  IWGIIfEERIlIG. 

BRIDGES  AHD    ROOFS.      HYDRAULICS.      MATERIALS   OF   EHGlHEERIIf© 
RAILWAY   ENGIRESRUfG. 

Baker*!  Euilnetri'  Surfeyiufi  tnalrwrneota. .,,,*..,,........  lamo,  a  «• 

Bixhjr^f  Graphical  Computing  Tablf .. ........... .Pap«r  ip^Xa4|  inehfi         as 

••  Burr'B  Ancient  and  Modem  Ensineertnc  aod  tbe  IsthmJan  CjiuaL     (Poatnir , 

37  centi  additJonaL). 8to,  iiat»  j  so 

Comitodc'i  Field  Aatronomjr  for  Englnatri,.  ,.,.♦.  ^  ,,,*♦.♦..._,._.. .  .Bto.  1  50 

DaTifl'S  HlQ'^a.tlDn  and  Stadia  Tables .,«.,,»...»....,......,... .  .8to,  t  •• 

Blliott'a  Eugineerlnc  for  Land  Pr4lf)at«.  ..<.*...,.,*.. i3mo,  i  f* 

Practical  Faun  Pralnage. ,,....,..,.-.,,..,..,.,..,.,,...,.. .  jamo^  i  *• 

Poiveirs  S«wora£E.     ( Deslcninf  and  Malnteaanca.).  ...,*,,* ,8to«  l  #0 

(  WfaiiMg*9  At chitecturat  EniineerlDc.     3d  Edition*  Eewrittaa. 8f  o»  3  9« 

Frepch  and  Ives's  StereotomT. , , « .  .Sto.  a  s* 

Goodhue's  Municipal  Improvementa .  ......*..*..... tamo^  t  79 

iJoodrich's  Economic  Dispos&l  of  Towns'  Ralaa* ,,...,,,....,,..,, Sto.  3  s« 

Gore's  ElementB  of  Geodesy  ....,.,..,.,..,..,.♦.....♦.*...,*. 8*0,  a  !• 

BKTford's  Text-book  of  Geodetic  Aatronooiy. . ..  ^ ..... . ....  .8to,  3  •« 

Howe's  ReUining  Walls  for  Earth .*................  i  atno,  1  ag 

Johnson *R  Theorr  *nd  Practice  of  Survef iog ....,..,.  Scnill  Sto,  4  00 

Statics  ^y  AlgebraJe  and  Graj»hte  Methods .  ^ ....,..,.,.,........ .  .870,  a  00 

Cieisted's  Sewage  Disposal .......................................  iamo»  1  as 

L«pUce'i  Phllofophical  Essay  on  ProbaliliitJea.     (Tniseott  »nd  Emory.)  lamo,  i  •• 

Mahon's  Treatise  on  Civil  Eogineerlng.     (1873,)     <Wood,) ..<.Sto,  S  <m 

•        DwcriptiTc  Geometrf 8^0,  t  S» 

Herrimao'^a  Etementa  of  Precise  Surrefing  and  Geotleay ............... .87o«  a  5^ 

Elements  of  Saaitnrr  Englncertnc ...,..,,.,,..,  .Broi  a  f» 

MefTlman  and  Brooka'n  Eitadbook  for  SunreTorm. .....,..,.,.  tdmn,  moroceOf  1  »» 

Bttg«nt's  Plane  Surveylne ,...♦.,.....*...,  8to,  1  go 

Ot4an*f  Sawtr  Design- , * ^  -  .viL^a,  -%  w* 

I  i^ftonlB  Tr^tin  on  CiriJ  Engineering ^^v^  ^fesai^aas^^^  ^  ^%^ 

& 


Re«<l'i  I^jpoeTaphicftl  Drmwin*  iod  Sketching   .......,.,, 

IU4e«1't  Sewajtr  icid  the  6acted«l  Pudficution  gf  3ew4f«  . . . ,  .          .#?«>,  i  91 

&i«b«n  And  B'jEffln'i  Modem  Sterne -cut  do  ^  and  Maiourj. ,  .         ,  .8v«,  1  50 

Sitiitli's  Manual  of  TopofripbicAl  Drawing      (McMiUaoJ, |fo,  1  fo 

Sand^rleker's   Gmiihic  Stfttic««  witn   ApplicatiQOs  to  Tnuaeti,  ^««izi3,  isd 

Arcfau. .... ........ _.....,_ ,*.^*^-.,, ,.. ,  ..Sto,  2  «« 

*  l^iitwiii«'s  C^Til  Eaemeer't  Pock«t«b«9k ,....,....,.,,.«.  t6&0t  niorocco,  s  1^ 
Writ's  Enrinevricif  mnd  ArchitecturiiL  Jurfiprudeace. ....                              St«.  fr  ae 

Sfaetf^,  ft  |a 
Law  of  OjMrttioiu  PreklmiiiuT  to  Constmctioti  in  Bi^ln««rliic  Atid  Ardbj- 

tBTture  . *¥^,  S  » 

Law  ot  Contractfl .  . . .,,,..                                                       Bt®,  j  90 

Warren 'a  Stcreotom? — ^Problem&  Ln  StQaa-cuttinf  ■                       .                 Svni,  1  $a 
Wabb'i  ProbteOEi  in  tbe  tr*«  and  AdfUEtmenl  of  Enfineerm;  ]nstrum«Qls^ 

*  Wbeeler'i  Elementarr  Course  of  Civil  EnfinterlnK.                                      9to,  4  m 
WJ]*od'«  TopoeraphJc  Surr^yliiE                                                                       Bv0*  j  s* 


BRIDGES  AJID  ROOFS. 

SoUer'f  Practical  Treatise  00  the  Construction  ^i  Iron  HiehwaT  Brld£«a    Svq*  1  90 

•         XhAmes  Rivfr  Bridge . .                                                                   4io«  paper,  s  ot 
BuiT  I  Course  on  the  Stressee  in  Bridges  and  Roof  Tnisset,  Arched  R^bi*  ajid 

SiupefiiioD  Bndce£. , , .            Sto,  3  s» 

Du  Boil's  Hechaoica  of  EneineerLaf .     Vt»L  IL Small  4^0,  to  ae 

fotter'fr  Treatise  on  Wooden  Treatte  Bridget.                                                    al«t  S  ^ 

Fowkr*«  Cofier-dAn)  Proceas  tor  Pien.  . .8to,  i  $» 

Greene*B  Roof  Trussea, ,....,, .._..-_*._,-.                                        8»e.  t  ij 

Bridge  Trusses. ....,,.,..,,,,,,,.»..  ^.ii,.  .                                      Stto^  ?w 

Arches  in  Wood*  Iron,  and  Stone.  .    . . .  ,  , .  .                                  8»d,  »  5B 

Howe's  Treatise  00  Arches Ato  «  « 

DesiiTQ  of  Simple  Roof -trusses  to  Wood  and  Steel.  , , Svq,  j  «« 

Johnson.  Bryan,  and  Tumeaurfl's  Theorr  and  Pra^lce  hi  Ibe  Desifuiu^  Af 

Mivdern    Framed   Structures Small  4t*j,  to  ee 

Mprnman  md  Jacohf*^  Text-book  on  Roofs  and  Brids^es^ 

Part  I  — Stresses  in  SLixtple  TrusBea ...,.-. -8fo.  1  w 

Part  It  —Graphic  Static* .,.„,, »v©»  j  50 

Part  in.— Bridge  Deaign.     4tb  EdrtJon,  ReWfi&«ll ^ . . .  .flwo,  j  5» 

Part  IV  —Higher  Structures..  ............,...,..,,,.*.»....   %vo^  1  se 

ICorison*i  Memphis  Bridge * ,„_,,...  ^to.  te  ao 

WaddeiJ*!  De  Pontjbus,  a  Pocket-book  for  Brldtfe  EniiOMn.   .  16010,  morQ«««,  1  » 

Specifications  (or  Steel  firldeu  .*..,._.,....,.....*.*.,......-  ismo*  r  if 

Wo<Nl'i  Treatise  on  the  Theorr  O'^  the  ConstFUCtion  of  Bridges  and  Roofs. Svo»  >  M 
Wright's  Desijinlog  of  Braw^spaos: 

Pert  1.   — Plate-gifder  Draws  _*.,...., 8v«,  a  y 

Part  II. — RiTeted-truB»  and  PIn-coiuiected  Long-span  Xitmw*. . . . , .  .8^,  j  st 

Two  parts  in  one  volume -•eo,  3  s» 


HYDRAULICS. 

Baiin'f  Eaperlments  upon  tbe  Contracdon  of  the  Liquid  Velo  Imitiiff  from  mn 

QriAce.     (Trautwiae.) ,.,„.., .. 8to,   a  » 

BoTey't  Ttettifte  oQ  H^dtaulk**. *..,*.,. Iro.   s  •• 

Cliiircb*i  Mechanics  oi  "Ei^titkMtVm, , ..-,,,...,*.,.., .  fv^,  6  at 

Difter^mt  ot  Mewi  Va\ooV5  qI  ^*V«  VaO^Ti  OawM*^, .\^^«&<^,  x  ^ 


Coffin's  GrapliicAl  Solutisa  of  Hrdrnalic  f^obl«ina. .........  i$aio«  m^ocGdi  a  3» 

f  .alii0f*»  Dfnaiso meter*,  *nd  the  Me^Huranictil  of  Pow«r.  .,.*.-. .lafso^  3  0« 

FoiweJl's  WaiBf-auppIf  Engtne<riiif.. . . , . , , Sto*  4  » 

Friz^Uft  Watcr'pDW«r ..,.,. ,.......,. Sto,  5  •& 

Fu«rtea'»  Waipf  aad  Public  Health ......,,,.,... * . . . .  larao,  i  fO 

Water- filtration  Works ...._,..,... , . . .  - 1  amo»  3  50 

GangiiiUei  and  Kurier'*  GenerKl  Formul*  fot  the  Uniform  Flow  of  Wat«r  la 

Riv'crsi  and  Qth*r  Channels     (Hiring  and  Trmu twine.}. ....«,  .3¥0i  4  no 

Haien'f  Filtratioii  of  Public  Water-supply . .................  .Svo,  3  ftO 

HazlehtiTst's  To  wen  mni  Tanki  for  Water- works. .,..,..,....,.. -STOr  s  50 

Hencberi  1 15  Exptriuients  on  the  Carrying  Capacity  of  Large,  Riveted »  BCetal 

Coiidults ...  - .._..........,*.,...--. Svo*  3  <» 

ICaftqn*9    Water-supply.     (Considered    Prlncl^tty   from   A    S*Ditaiy   Stand- 
point: )     id  Editiofit  Re  written ,......-,..... .....  -Bto,  4  00 

Merrlroan's  Tfc^ilie  on  BTdraulic*.     oth  Editioa,  Rewritten.  ......  ...  .flvo,  5  00 

•  Michie's  Etemrnti  of  AnalytJcAl  Mechanle*.  ............,*.... -8to,  4  o« 

Scbuyler*K   RteserToLn  for  Irricattoa*  Water<^power,  and  Domestic   Wat«r- 

BuppJy ....,          - ,,...^...^. Large  Sto,  500 

••  Thomaa  ftrtfi  Walt's  ImproTeOTcnt  of  Riyera.     (Foit.i  44  ^  additional),  4to,  6  00 

TuTncaurc  and  Russell's  Public  Water-suppliffS.  ..................... .Sva^,  5  00 

WeEm^nn's^  Desitrn  and  Construction  of  Dams. ... *4to*  5  00 

Water-supp3y  of  the  City  of  New  York  from  1*58  to  iSgs 4tOi  10  00 

Welibach's  UydraulJct  and  Hydraulic  Uoton.     (Ehi  Bail.). . . , .Sto,  s  o» 

Wilson's  Manual  of  Irrigation  Eit£in«erii)|t<  .*.*.*..,....■*,-*  .Small  8vo.  4  ^o 

WolfJ^s  Windmill  aa  a  f  rimu  Mover ......,., Svo,  3  qq 

Wood*s  Turbines .  , Bto,  a  54 

Eiaiiient*  of  Analytical  llecbanict 8tq,  §  m 


MATERIALS  OF  EHGIHEEbllfa 


Biker's  Treatise  on  Majoary  Constructioii. ...................  Sto,    s  00 

Roads  aad  Pavements. ...,..,..,..........,.........,,,...,._  8¥o»    s  ©o 

Black  "1  United  States  Public  Works ,.,,.......,... .....  .1  bloae  4to,    5  90 

Botct's  Stj-enftli  of  Slilaterta^b  and  Theory  of  Struc tares. ................  Bvo,    7  S» 

Burr'iir  ElAiitlcicy  and  Resistanca  of  the  MitCaiiala  of  BoginBeriiigt     6tb  Edi- 
tion ,  Rewritten ....-..,........,..».._,...,  ^  .*..,,...., ,  ,§▼©»    7  50 

Byrne't  Highway  Construction .....,,,..,. 8vo,    5  00 

Inspection  of  the  BCaterlala  ^ni  WorlrmmnaMp  Employed  in  Construction. 

i6mo,    3  00 

Church's  Mechanics  of  Engineering .......,,..,...._,  Sto,    6  «a 

Du  Bois's  Meehanlca  of  Engineering.    VoL  1 .SquiU  4I0,    7  50 

Jolmaon'ft  Materiais  of  Conatmction , ', . ... L^rge  8to,    6  t» 

Ceep's  Cast  Iron „..,.,.,,*.,»,..,......  Sto,    1  90 

Lanza's  AppUed  Mecbanks ..,..,♦...... 8to,  7  s© 

Siartena^s  Handbook  on  Testing  B£aterials.     (Banning.)     a  yol^ , ...  ...  .Sto,    t  so 

Kerriirs  Stones  for  Building  and  Decoration 8vo,    s  <M» 

HetTiman's  Text-book  on  the  MecbttaicB  of  Hateriala . .  Sro,    4  00 

Strength  of  Materials. ...............,,.,*., 1  zmo,    i  00 

Metcalf'a  Steet.     A  Manual  for  Steel-u««n laiiio,.    a  oe 

P»tton*8  Praetieal  Treatise  oa  Foundations. ....... .......... 8ye,    s  00 

Rockwell's  Roads  and  Pavement*  in  France . .  ♦ tjmOi    t  af 

Smith's  Materials  of  MAchines ...,..,,....,», lamoi    t  oa 

Snow's  PiincipAl  Species  of  Wood .*.♦,....,  Stq,    3  sq 

Spalding**  fiydfanlic  Cement , ^  ,*,,.. .  .\i.t!M> ,   v  v^ 

Tezt'boolr  on  Roads  Msd  Pa¥«iQBiits . . . ,  _  1 . , ,......,  .^luoaii 


Tburgtan'fi  Mfitt-riAli  of  EoffinKriug.     j  P»rt« 8to,   S  «» 

P4ri  L^Noa-metallic  Materia  U  of  B^guietrio^  ami  M^iailurcT  Svo*    a  «• 

Pjtrt  n.— Iron  ■Qd  Sttei. , ............ .........  Stoi   |  |d 

Pah  ill,— a  TreAtii«  on  BrAs««««  BroazM,  iLad  Other  AlkrfS  uid  tbvtr  * 

ConBtltuenu ,..,,,».,,.,..,,.,,.,,..,,. 8»«,    i  s» 

ThurKton^i  Text-lKiDk  of  the  MAtcrimls  of  Cooitruction  .....  ^  < , .Svo»  s  <» 

Ttllson'B  Street  PiTement*  uid  Paving  MaterUJs.  .,.*.....,.,.. iw.  4  o* 

Waddell's  D*  Pontlbu*,     i A  Poct£«t-book  for  Bridi*  En£iQ«eri,) , .  161110,  moi ,   j  m 
Spfsi;;}jBcj.tJoafc  iot  Stc«l  Bridges. .  ^ ....».»..,,.,.,..,,........    .  Emroo«    i  i| 

WQ«4*m  TreadGe  od  the  Reniunce  ot  MMttwim.\t^  mod  an  AppemtlK  on  the  Pit*- 

erVAtioa  of  Timber. ..  * .  ^ ........ , *-.*..**.,**. Sro,   1  « 

Ekmcnts  of  AnaJyticaJ  MectaJuilcs  -.....,........._.......,..-.  a»o,   j  « 

Wo  od*6  Ru»Ue»  Co* ttnga,    ( Shortly, ) 


RAn^WAY  IHGnrBEmiTG. 


Andre w»'fi  Hnodbook  for  Street  Railway  En^ocrg,     3X5  iacj^et.  morocco. 

Berg^B  Build  in  CB  mnd  Stmcturet  of  AmcricAn  RAilroadB.  ......  ^ 4ta, 

BrcK>k«'E  BLaudbook  of  Street  RAilroad  Locatiou. ............  i6mo  xaoraeea, 

ButtB^i  Civil  Enfineer'B  Field-book . ...  .......  ..^. ...... . . 1 6!mo,  morocco, 

C^ndairs  Transition  Curre tdnio,  moroeect* 

Raiiwar  and  Other  Ewthwork  T«bk». .  , . »vo, 

DawBon'i  ** Engineering**  and  Electric  Traction  Pocket-book,    i^rao,  skoi^ceo, 
Dtedge'B  History  of  the  Penagjfjvanit  Raikoad:   (1875),. .....  Paper. 

■  J>rinkcr'B  Tunneling «  Explosive  Compound!  1  and  Rock  DriUa,  4to,  half  mor. . 

Flaher*!  Table  of  Cubic  YerdB. , . Cardboard 

Godwin's  Railroad  Engii^eerB"  Fietd-book  and  Explorers*  Guide.. , . .  t6iDo.  imrtr.* 
Howard's  TrenEJtjon  Curre  Field-book. .....,-,..._...-..  t6mo,  morocc*>. 

HiidBOTi*s  tablcB  For  CalcuLatina  the  Cubic  Cont^nta  of  EacaTationB  acd  £to- 

banjcmedti  ,...,  .^  ,..,.,.,.«......,. , ...... .         8*0, 

MoUtor  Kod  Beard*s  Mantial  for  Resident  Engineeti, .............      .  t^mo. 

Haglfi's  Fietd  Mafiual  for  Railroad  Engineen.  ... ....  .i6mo,  morocco 

Philbrick*£  Field  Manual  for  EngiTieerv.  .....«,.,,, . t^moi  morocco. 

Pratt  and  Aldcn's  Sfcre«i -railway  Road-bed. ,  Sto, 

fle*rlc5'B  Field  Ecginerrine , . .  * ,  i6mo,  monocco. 

Railroad  SpiriL . .....,,,,,.,.., ....,«^,,.*-.,..,.»  ifimo.  morocco. 

Taf  lor's  Prlsnioidat  Formula  and  Eaithwof k. S^, 

•  Trautwine'a  Method  of  Cakulatine  the  Cubic  Contenti  of  Excavadona  and 

Emhaokmenti  bf  the  Aid  of  Dia^ramB., . . . .8to, 

Th«  Field  Practice  of  (Layinc    Out    Circular    CurYts    for    Railroads. 

]2mo»  morocco. 

•  CroBS'MctioTi  Sheet.  .*.... ...,..,......,. , . Paper, 

Wetib*s  Railroad  ConBtruction.     ad  Edition,  Rewritten. ,  ^ . .  .i6mo.  morocco* 
WalHnfton^i  Economic  Theory -of  tlie  Location  of  Railwaff Small  8to, 
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DRAWING.  ^M 

Barr'B  Kinematics  of  Machinery .,* ,,. ,,,.,.♦♦  ..*^.^,t 8vo,   M  $A 

•  Bartiatt'B  Mectaanical  Drawing.  ..*.,...,*.*...♦.,.•,..,».•.,,..,  .8to,  j  oe 

•  "  '  '*        AbrMt*dE4 -. 8vo,  vfi 

Cootidge'*  Manual  of  Drawing ..............................  Svo,  paper*  i  •• 

I>ur]eT'B  Kinematic*  of  Machinet. ...,..,...,,.**,..*, 8vo,  4  «• 

SlU'a  Text-book  on  StuideB  and  Shadowa,  and  Perapective. ,.,...»».....  ivo.  3  «o 
J(»ne8*i  Hacblne  I>eBi«i^'. 

Paf  t  1.— KineTnatita  ol  1lL*tMintn  *  *  - .*.***.. * .  -  *  *^^ ,  *  ^r**  v  ^ 

PlrtU*— FQrtn*Stteti«\^i,aT:i4^^1^^:^^^^^^^^ - "•***    "^^ 


lUeCord'i  Etftmentt  of  Dtscdptive  GeoiD«trf «.,,.,«..  Btq,  1  oa 

Kinematlu ;   or,  Pr«Gtic*l  Mech«£ii«m. ,    .        ..,..,.. ...^ St<i»  5  oo 

M«hanic*l  Dr» wiag, . . . .  _  .           ,,_..............,.„.,.  410^  4  00 

Velocity  DUigttfai , .  Sto,  t  5« 

*  lt«lim£i^»  DescHpttTfl  Gfom^tiy  and  StoDe-cuttiiif Bre^  i  So 

Induitriml  Drawing.     (Tbompson. }, StQi  3  50 

Reed^i  TopognpbiciiL  Dnwmg  nnd  Sketching   ,      .  , h  .... .  4(0,  5  o« 

Reid'K  Coun«  in  BTeclunicftl  Drawicig ....... .STtf,  3  Co 

Teit-book  of  Mechanical  Dtiwing  and  ElemtotMsj  HaclilDfl  Dttign,  .8vo,  j  oa 

RobinA0ii*«  Pdneiplet  of  MecbaDluD ...............  ,^  ,.,,.....,., .  Stv*  J  cm 

Smith*!  Hanual  of  TofKrgnphical  Dtji  wing.     ( HcMiUfta.) ^  ,Sto,  a  50 

WaiTan'i  Elaments  of  Plane  and  So  Lid  Frce^batid  Geometrical  Drawing  ^ ,  j  a  mo ,  i  00 

Drafting  InsttT^nieatB  and  Operation!, lamo,  1  a^ 

ICanual  ut  ElemeatMij  Projection  Dravin£. 1  jmo,  t  50 

Manual  of  Elementarr  Problcma  Ln  tbe  Linear  PervpectiTe  of  form  and 

Shadow        , ,  1  jmo,  i  0« 

Plane  Problemi  in  Elementtrr  Geomttrr. ...... . ...*..  .tamo,  i  ss 

Pritnary  Geometry ._.,.....,..,.., —  ,...*.  lanto*  79 

£l«ineat<  of  BescriptiTv  Geometry^  Shadowa^  and  Petvpecti^e. ..... .Bvo«  j  sa 

Ganeral  Problenu  of  Shadei  and  Shaifowi .......................   Sto^  a  AO 

Element!  of  Machine  CoDstruction  and  Dm  wing .............. Svo,  7  se 

Problem!.  Thcorism*^  and  Esaniplei  In  DeacrlptlT^  Geometrr. 8*0,  a  gtt 

WebbachV  Kinematic!  and  the  Powfsr  o!  Tranimliuon*       {Bermana  ai^d 

Klein.) ......... Si?o,  5  00 

Whelp ler'i  Practical  Initmction  b  the  Art  of  Letter  BnsraTiag i  amo.  3  o« 

Wllaon'!  Topographic  SurveTing- , . .  Sto,  j  50 

Ff ee-band  Pcfflpcctive ..,,,.. 8^.  J  SO 

Free-hand  Lettering. ...... ,.,.,..,,.,,..........  .  8vo,  I  00 

Woo  if'!  Elementary  Cottree  in  Deacriptire  Geometry.. ..........  .Larie  Svo,  J  00 


k 


ELECTRICITY  AlTD   PHYSICS. 

Anthoof  and  Brmdcett'i  Text-book  of  PbTtiei.     (Magie.). Small  Sto*  3  00 

Anthony'!  Lecture-notes  on  the  Theory  of  Electrical  Heafurement! .....  j  200,  t  00 

Btniamln*!  HlBtory  of  Electricity ....................... ,......,  870.  3  00 

Voltaic  Celt. ,.,....  .Sto,  3  o& 

Claeecn'!  Quantitative  Chemical  AnaiyBU  by  Electrolyeia,    (BoltwoodJ.  .8vo«  |  00 

Crebore  and  Souier*t  Polarliinft  PbotOHchronoffraph ,............,.».,  .tfyo ,  3  00 

Dawsoa'a  "Engineering**  and  Electric  Traction  Pocket*book. .  ifimo,  morocco,    5  00 
Dolezalek's    Theory    of    the    Lead    Accumuktor.     (Storage  Battery-) 
tShonlj^J     (Von  Ende.) 

Dtth«a)'!  Thermodynamic!  and  Cbemiatry.     ( Btirieaa.) ^  ^  .Svo,  4  oo 

Klatlier'i  DTnamometerip  and  the  Meaauremeut  of  Power*  .....«..^,,,  lamo,  3  00 

GUiJcrt'i  De  Wagnete.     ( Mottelay .) .    ..,.....,....,.........,..,,,.  8vo,  s  5s 

fianchett*!  Alternating  Currecita  Explained.  . .      .-........,,....,..  .tamo*  i  oa 

Holman's  Preciaion  of  MFaauremcnts ,-,...,..*,.....,,.  .8*0*  a  06 

Teleicopic  Mirror-scale  Mctbod,  Adjottmenta,  ami  Teata, . . , .  Larfie  Sto,        tB 

Landauer's  Spcctmm  Analysis.    (Tingle.) . ,,,,,,,  .8to,  3  00 

Le  ChateUcT  V  Hj^h- tem  peratur  e  Measuremen  tB.  ( Bo  udouara-^l^urgeit. )  i  a  mo  *  3  00 

LQh't  Electro ly!i4  and  ElectrOfiynthest!  of  Organic  Compound!   (Lorenx.)  1 3mo>  1  oo 

*  Lyoni'! Treatise  onElvctromagneticPhenocnena.     Vols. Land  H.  J^'TO*  each,  6  00 

*  Mlchie.     Elements  of  Wave  Hodoa  Relating  to  Sound  and  Light.,  .....  8vo«  4  00 
Ifiaudet"!  Elementary  Treatise  on  Electric  Batterie*.     (Fishiiack.  i. .....  t^mo.  a  50 

*  Parchftll  and  Hohajt's  Electric  Generator!. ...... .Small  4to.  haU  morocco*  to  00 

*  Ro!enberg's  Electrical  Engineering.    (Haldaae  Gev^— Einzhmnner,). , .  Sto*  i  So 

Ryan*  If  orris,  and  HoxJe*!  Electrical  Mtchinery.     VoL  L ,  . . , 8^0,  a  tfia 

Than ton^a  S£h t/onarr  Steam-eaginei ,..............,.,.,,.....,...,.  .%i^,  >  ^i* 

♦  TtllmMn*$  ElcmemtMTj  Letaont  m  Heat. ,  * ,  * , .  1, .  -, ,,,..-  %*^ v  v  "» 


Tory  »nd  Pitcher's  Manual  of  Laboratory  Pbysici 
mkv'c  Mode^rn  Elfletrc»1rtii:  Copper  EeBatoc  . 


Small  Svn. 

Eto, 


LAW. 

•  DaTit's  EleiDflnU  c»f  Law ,  ,  »¥#*    i  5* 

•  Tread**  on  the  Militorr  Law  ctt  Umitd  Statai  8ti>,   7  o* 
■                                                                                                                         Sbeep*   7  Sft 

Manual  faf  Caartt-martiai  ...,....,      i&mo,  ai«rac«o,    t  so 

Wait's  Eof  iii«eri£i£  and  Ajchitecturml  Juriiptudtdca ..................  .Svo*   6  e» 

Shaap.  «  K 
Law  ol  Opffratkiu  Prclkainarr  to  Couitruction  in  £nf ineexinE  and  Aicbi- 

tfrctufe> -.,,.,*. -.. Sr<i»   s  » 

Lawof Coniracts ...,., Bto,   |  0* 

Wiothrop's  AbridKmcfit  of  Mllitajy  L«w . . ., , , . ,, iimo,  1  s> 


MAlfUFACTTTRES* 


fiarmadou'i  Smoke lta»  Powder— If itro-cBlIuloM  and  Hitory  of  ih«  Cellulose 

MaJecuk  ,,,...,,*.,,,.*,.... .,,.....**..-  ^  *  I  litiDj 

BaUand*«  Iron  Fouinder . .      ,  . . ,  *...».*,.,..,,  .<#,., .  ,  .    i iiao, 

'*  The  Iron  Fotmder*"  Stapplemant. .,...,»,,*  » * , tam^, 

EncyclapedUi  of  Foundini  and  Dktioixari'  of  FouadiT  Tefnu  Ui«d  In  tlit 

Practice  of  Moulding ....,,...    .....  .  i2iiio» 

L&lsa|er*i  Modem  Hith  EtploBives ............. .  .Sva. 

r  kffmnl'a  Enzrmei  aod  tbelr  Applicationa.     (Pre«cotL). .  .  .  .  .  Svo, 

Fttxrerald**  Boitoo  Macfeiciiat . , .♦..,,..*,  .  timo, 

Pofd'a^  Boiler  MakinE  for  Boiler  Makeri 1  Smo* 

fiopkint'E  Oil-chemiits^  Haodbook^ «.,*,..» tro . 

^  Xeep'i  Ca»i  Iron. .,,..,..._.,,.,.,-,................,.. ...   8iro, 

Leafh'i  The  lnspet:tlon  and  Analytta  of  Fo»d  witb  Special  RBfvrenea  to  Stave 
Control     (/a  preparaiian.) 

Metcalf »  Steel.     A  Manual  for  Steei-usera, , . , , ...,.,  i  Sffio, 

MeteaHe'e  Co«t  of  Manufacture*— And  the  Adminiatratioii    of  Worksfaof»» 

Public  and  Private ,Bto, 

tfef  er't  Modern  Locomotive  CooBtruction .,..,.....  .410, 

*  Reiiig*«  Guide  to  Piece-dyeing . *...,**  1  .,.*.,..... .  8fo, 

Smith's  Presi-workini;  of  Metali , ....,,,,...,....,.*..,,...,....  ^Sto, 

SpaldiQE's  Hydraulic  Cement iimo, 

Spflocer's  Handbook  for  Chemists  of  Bcet-Bucar  Hou«e«. . .  . .  tl^mOt  tnorocco» 

'  andboox  tor  augar  ManutactuT'ers  Knct  their  Chemiata,. .  i6mo.  morocco* 

Thursccin*a  Manual  of  Steam- boilerVt  their  Designs,  Cootrruction  aod  Qpctt- 

tinn .,.,,,.,.,. .......*,. .8tOi 

•  Walke'i  Lectures  on  ExptoaiTva. .  ..,,,,,,.*,./,.. ............  .tTi>t 

Weat'i  American  Foundrr  Practlcft ..........,,..,.,..  itnio* 

Moulder*!  Te>:t-hook ,..„.....**..,.... tamo* 

Wiechmann'ft  Sugar  Analjab .....  hi  ........................ .  .Sbiall  Sto, 

Wolff*!  Windmill  ai  a  Prime  Mover.  .....,..,..,..♦,  ^ .,,.....,.....  ,  iro* 

WoodburT*e  Fire  Protection  of  MlUa ..,,,,....,,.»,.-.,.........  t»o, 
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MATHEMATICS. 


Bftker'a  EUiptk  Function* 

Bf^gi*t  Element  of  PlAtw  KflaVrt.it  Gw«&ii^ 


aptoQ's  MaquaI  of  LocArlUHQic  ComputAtlojit.  .........,,*..*...  ^lamo^ 

DR7ii.*t  Intfoductioa  to  the  Loetc  of  Alfebrm.  ....,,*,,,.,.,..  i , ,, .  .Sto, 

*  DicksoD's  Colieie  AlgeWa Lafst  timo, 

•  Introductioii  Lo  tl]«  Theory  of  AlcBbrmie  EquttkiiM   .......  LArg^e  lamo, 

Elmisied*»  ElAiacnts  of  GtoroctTF  ...*....****...*...*,,,*. Svo, 

Elemeatari'  SyntJietle  Ocoiaetfj . » , h  8to. 

RaUodaI  Gflomctrr,     ( Shortly, ) 

*  Job-iuon'i  Threfl-|»liic«  Lofuittuiiie  Tables:    V«t*pOGket  iiza, ,  _     paper* 

TOO  copies  for 

•  Mouat«<]  oa  bemvf  e«rdbo«rd,  8  X  iq  inctae** 

lo  eop^e*  for 
Elemeiitary  Treatiffl  on  the  Istiieral  C^kuhu. .  _  .  ,^  . . . . ,  ,  .Small  8td, 

Curve  Tracing  in  Carteiian  Con^rdimites , ,  , , iimo* 

TnMtisc  on  QzdijiKTj  ind  Partiil  DiffereattftI  Equfttioni. ....  .SmftU  Sto, 

Tbeorr  of  Erron  and  the  Method  of  LcASt  SquaT««.  ^  ..*.,.....,,  .  lamo, 

*  TbeoredcaJ  Btechanici ..,,,..».,.,......,  i  «mo^ 

LuplAcc'v  PKiloBophicftl  Evur  <ixi  ProbabiUtiei.     (Truecotl  iad  Emory.)  iimo, 

•  Ludlow  and  B*w.     Eleiflent*  of  Xri«oaom«tt7  md  LofwilhtDie  »hd  Other 

Tab  Jet *.*.*.***.►*.*.,..,..........»..,  Svo, 

Tri tonometry  and  Tables  ptibUih«d  upaiatelf «« , , , , .   Eaeb, 

Haurer't  Technical  Mechanics. , .,,.,,.♦...,,..,.,.  Sto, 

Mertimao  and  Woodward's  Hicher  Matbexnatka  ..,*..*.....*.,,.....  8vo, 

Merrlman'^  Method  of  t«asT  Stu^res      .,,.,,...-.._.   8vo, 

Riee  and  JohjiAon*t  Elcrtnentarj  TreftU«e  on  the  Di£fer«ntial  Cateuttjs. Sm«,  8vo» 
DiflerentiaJ  and  Integral  Cakuhis.     a  toIl,  in  one. ......  ,umallfivo, 

Wood's  Elements  of  Co-ordinate  Geometry . . ,,.,.,.,,..., Sto. 

Trlaonometry ;  An*lytjca].  Plane,  aud  Spherical.  .*....,      ,  tamo, 
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MECHANICAL    EBGINEERmG. 
MATERIALS  OF  ENGIREERIHG.  STEAM-EBGUIES  APTD  BOILERS. 

B«idwin'B  Stesm  Heating  for  BuildLncs. ...,.*... iimo,  i  $o 

Bair'i  Kio.ematk»  o*  MsthioerT, , ,,.....,, .,,*.....,,...,...,..  8vo,  t  s* 

•  Bar tlett's  Mechanical  Drswine , . , 8to,  j  oo 

•  "  '*  "        AbddgedEd... Sto.  i  sp 

Benjsmln'i  Wrinkles  and  Recipes .  .\    ,.....,.,  ^ ...«,......«...»,, .  ismo, 

Car^ater's  EiperimenUl  Engineering  ...,,.,».,.....»..,..♦....»...  8fo*  6  oo 

Heating  and  Ventilating  Buildings . Svo»  4  OO 

CtMj'u  Smoke  Suppression  in  Plants  using  Bitumtnoui  CoftL     iin  pm>- 
aratiim.) 

Clork's  Gob  and  Oil  Eogine.  _........, , * . . ..... .Small  gifo^  4  00 

Coolidge's  Mjtnual  of  Btawinf . , . , .  ^ . . , . , « ,,., 8to»    p«p«f  t  1   00 

Crornvretrs  Treatise  on  Toothed  OeaHn^.  .....>............ lamo.  1   50 

Treatise  on  Belts  and  PuLen .....  ^ ...... . ..........  i  amo,  t  so 

Duriey '»  Kincmfttlts  of  Machine* .,,....,..»...,., 8to,  4  00 

Flatber'i  Djrnsmametert  and  the  Measuremeat  of  Power .lamo^  j  00 

Rojjf  DrtTint    .         ,....., ..,.,.,,.,,.....,.,..*....,. .  lamo,  ^  a  00 

OUi'f  Ga»  and  Fuel  Analyvb  for  Engineers. .........................  I  smo,  t   15 

Hall^«  Car  Lubrication.  ........ ....  . .  .12^0*  t  00 

HuUon's  The  Gas  Encini «....,.,, Svo,  5  00 

Jenei'i  Machine  DetigD; 

Part   L— KinBmatica  of  MacUnefy  . Sto,  t  so 

Port  IL— Potm,  Strength,  and  Proportioni  of  Porti . . . . , Sto,  3  00 

Eent'i  Mechanbsl  Engineer's  Pocket-book ................  iftinOi    morocco  1  s 

£err'i  Power  and  Power  Transmission   ,,.,.,. ..,,,..,.,,....,.  ,Sto,  1  1 

MacCord'B  Kinematics :  or,  Practical  Mechonlaiii* ,,.,...,,...,....,...  8to,  S  09 

Mechanical  Drawing ...............,,,,,,.-«*  ^  *  .**^     '  — 

Veloeitf  DfogiKm*.  ,,.,......,,.,.,.,.*,,....,,.,* , .  - .  *  ^i 

u 


Vfthsn'i  tadttBtrial  Drftwinjc.    (Tbooiffaii*). , .8vo« 

p0ole^B  CalarLflc  Power  <tf  FuflU.  ,.>.........*......«,..,....,,.«..  .Sro, 

Beid^i  Coiute  in  MecJunkAl  Drawtnc Bwb* 

Tezt^book  ol  MechsnicAl  I>r4wiitc  ftsd  SkmtaUTT  MAcbi^e  Daicn,  ,8to. 

RkttArds*]  ComprBsaed  Air ,....-.*,.*.*.*.,....,*.«....  t  ima, 

B<ibinsoj3'ft  Prlacipki  of  Mechuuva.  >«....,..,.......«.*....•...«  .  .  iv^, 

Bmlth'fl  Preu-workinjE  of  MeUJs ....*...,....      ...,,,  S^o, 

Tbuntom'*  Treatise  od    Frictloa  mnd    Lcttt  Work  in    IbcZiiiieri   AOd   Mill 
Work Sire* 

AaimAl  ms  a.  Ma.chinit  uid  Prime  Motor*  i^d  tk«  L«w«  of  Bneiieiici .  i  tm^. 
WAiren'i  Eleinenti  of  Macbrnfr  C«aA.tn»ctloA  tad  DrAwiiic .......    ,  .  Sto, 

Weklwcb'i  Kin efxu tics  and  the  Power  of  Tzmrnminioa.      HefTnuaiH-^ 

KHeUu) . .,.tw. 

Haehmfcrr  o*  Trafamiiiion  and  Gorerrjort.     (Hemnann — KltiB.),  .Sto, 

Hrdraul^ci  and  Hjdrtiilic  MotorK^     (Du  B&is.}.. . .  .  , 9iro» 

ir«10'i  Wiudmiil  am  a  Prime  Uovei.  .,..*»*»*..»*».**,..,,...-*,-*,.  8*o# 
Wood**  Turbiaes, .  ......*,.. -.,*,,**,,,,,,,*,.♦ »vo. 
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MATERIALS  OP  ElfOmEERXnG. 


Bttmf*t  Streiigtb  of  Miterials  and  Thooir  of  Strvctufoi ................  Svo, 

liirr'a  Bb^ticltr  aod  Eeaiitaoct  of  the  Mateiiala  of  Enguteerintf.     £tli  BdHlon, 

Retct. .,,,,-,,,.,.,-..*.,..-..,* t »>.■,'■,*. ,,^,f-**-  .8fO» 

Chiirch't  Mechanic:*  of  Enffneorin^  ,...,..,..,,,..».... , . . .  .9to, 

Johnson'^  Maieriala  of  Construction.  ,,...,,,.*. ,,,,..,  .Ifie  dTo* 

^Keep's  Ca*t  Iron *...,„.*,*..,,.*....  i»o, 

I'*  Applied  MeeJiiuiic*     ,....****,-,** . , ,..,*, 8to, 

Kartciii'i  Handbook  od  Teitlni  Materiak.     (Hennliii.}  ».#*........,.  .fivo* 

Mertiinao's  Teit-book  on  tbe  Mecbanlca  of  Materiaki.  ..,,.».»,,„,,..  .Siro. 

Streogih  o*  Matof  ^ali ....,.,. , . , .   game, 

MeUairi  SteeL     A  Maoual  for  Steel-usoTs.  ....,,.«*.. t  nmo 

imith'i  Uaterials  of  Haehlnet .,,..,, ijjbo 

TliuTstoii's  Materiali  of  Engineering ._...._....,.,.,,....  .1  Tola,  i  Svo, 

Part    n.— I-oo  and  SUel. , . .    . .8¥o* 

Part  III.— A  Treatise  on  Brassaa,  Bronzes,  and  Otttcf  AUofS  And  lb«f 
CoQttitueatB.  ....,...,....,..,..._       ftiro 

Text-book  ol  tb«  tfaterials  of  Conftructioa. .8^t 

Wood**  Treatise  on  the  Resistance  of  Materials  aod  Mn  Appeodu  on  tb« 
PreBerration  of  Timber -...._._,,.........,„...      ,  fl¥o. 

Elements  of  Analytical  Mechanics , ...,,,..  8to, 

Wood's  EusaNa  Coatingt.     ( SkprUy. ) 
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ST£AM-EnGm£S  AKD  BOILERS. 


Caraot'B  Reflettloo*  oo  the  Motire  Power  of  Heat.     {Thucvto^)^   .  zsoko^.  i  50 

Dawson'*  "En£ineeriG£"  and  Electric  Traction  Pocket-book.. itiaio*  aaor,,  5  00 

7ord'a  BoUer  Hakiiis  for  BoUer  Makan  .......*.,«,  ^  «,,....«»,*_.. .  t&mo*  t  « 

Qoat's  LocomottTe  Spark« * . ,  4 . . , .   «*o.  a  00 

SemtDway'B  Indicator  Practice  and  Steam-oogine  Sconomf.  ..,».»,..>  aioo.  >  do 

Botton'i  Mechanieai  Encineerioc  of  Power  Plants  .....<.,.,,i,.,,...,  9to.  s  ^ 

Heat  ajid  Baat-tngjnes . . . .,,,,....«..,...,....,..,««• 8ro.  s  «* 

EoDt'B Steam-bO'Jef  Economy.  .**...♦..,,. , » »,  *,..«^.i,,, .  ,  ,«iw,  h|  00 

Cneasa's  Practlct  and  Ttttorj  ol  iEh« U^wltot *  ^  ...,.*»,., , »,.», ,  *  .8»o  t  jo 

IU€Cofd'»  SMe-'T»l'?«**, •-.,,. ^-,Jfl%^,  t  M 

Mejer'a  Modem  LocomoliTt  C^n«iiiiSi^u - - *ft 


r  PfeabodiTf  H&sujil  of  tlie  Steani-eii<!iit  Indicator  ..... ,            . . ,  .  ttmo,  i  m 

L                    TablfB  of  Uie  Ih-ojwrtiei  of  S«tiur»t«l  Stum  M,d  Other  Vftpoii. . . . .  .S^o,  i  oo 

^K              TIsertaodiniAmics  ot  the  Stcus-cnguie  uul  Other  Heat-^iiEiafl* 8vo,  5  o» 

^H              VAtre-^&n  for  BteAm-«af ines                                    8to.  i  50 

I  Prmr**  Twenty  YeM3  Tkith  the  Indie«tor .^, ......  * L«r«e  Sto.  a  ]■> 

I  Puplu'm  TbrrtnodTiiAiuics  of  KcTefvible  C^i^le*  in  0«*e»  «nd  Satmmted  VapofSL 

(0«erb«i. ) .                            .    , . . tamo,  t  19 

.  ReAimti't  LocciiiqtiTei  ;  Simplf  *  Compmind,  mod  El*«tm ..,».....,..,.  i  amo ,  a  s* 


Rontien'i  PrijicL|>le«  of  Therm odrnAmic*.     (Du  BoiiJ .>...*. .  ,8^0, 

Stnelair^i  LocomotiTC  Epgine  HumiiDi  uid  MmoiMEeJiMlit ^  .............  tamo* 

SiiiArt*!  Eandbook  of  Bneineeriiif  L*ber»toiT  Pmctlce ..,,....., .  lamo. 

Snow's  StMm-tKiiler  Practice     ♦ , .  .Svo, 

SpAQgLer*!  ValTe-ee&ri , .......................  .8*0, 

N ot«i  on  ThermodrnftiDici  ... ,,,... 1  jmo, 

SlwnKkr,  Greene «  aad  MerAhmll'i  Bkm«iit*  of  Sleaas-«iigliie«rtnf .  ,,*.*,  .Bvo, 
ThurslfjQ'i  Haody  Tablet .................................  -8vo» 


S  09 

2  «« 

3  tm 
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1   S» 


MjttiiiAl  of  the  SU»[ri'eiytii34 


,  a  TDk..  Sto*  io  00 


F*rt  I.— Historr.  Structuc«,  and  Th^orf. ,fiw» 

Part  H.— Dfritcn.  Constmctioii,  aad  0]»eratlna ......... .8ro» 

HaDdlwolf  of  EnEine  n^d  Boiler  Trial*,  and  th«  Um  of  the  Indicator  and 

the  Proay  Brake Sto 

Stationary  Steam-enfineB .......*.,.*.....  .Bto, 

Steam-boiler  Ezplottont  in  Theory  and  la  Practice, ............  ^  raeno 

Manual  of  Stemn-boilrrf .  Their  Deiifna,  Conatruction,  and  Ojwratioa.fiTo, 
Webbach'i  Beat.  Steam,  ind  Steam-enginea.     (thi  BoLa.)^ ...,,,,....  .Svo, 

WhithaEn'i  Steam-eofine  D:*ien. .....    .Bvo^ 

Wtlion'ft  Tr«atiie  on  Steam- boUen.     <Flatb«r.) , . .  .lAmo. 

Wood'a  ThermodTnamica   Heat  lioton,  and  Hefriteradne  Hacbinea,  ..  .Svo* 


i  Gom 


IfEGHAinCS    AlfD  HACHIlfERT, 

Barr'i  EinemaEic«  ot  macMaerr . .....,.,,.. ....... .B^o ,  a  s* 

Bov«7'«  Strength  of  Hateriala  anjt  Theory  of  Structttrea 8vo,  ?  f* 

Chaae*!  The  Art  of  Pattern- making lamo,  1  50 

CborduL— Eitracta  from  Lettera ...... ............ . .  lamo.  a  n^ 

Chafch'9  Mechanica  of  Encineeriiaf . ...,,,,,,,,,,,. .Bro,  6  00 

Nntea  and  Examplca  In  Uachanica ..........  t .« ^ »«.«..... .  *  .Sto^  ^  <^ 

CompCon'a  First  Les«on«  la  Metal- working .,..........,.,» .  ^  izdul,  t  50 

Compton  and  De  Groodt's  The  Speed  Lathe .......,.,.,,,.,.,,,,.;, ,  tajno^  t  so 

Cromwell*!  TreaCiae  on  Toothed  Gearing ..,..., lamo,  t  ^ 

Treatiac  on  Bolt*  and  PuUeya     .....,,,... , .  rimo,  i  sa 

Dftoa's  Text-book  of  Elementary  Mechaatct  for  tba  Uic  nf  CnBafea  and 

Schoola  . , ,..,,,..  I  amoi  1  So 

Dingey'a  Machinery  Pattern  Making . .....  i  amo,  a  00 

Dredge**   Record  of   the  Transportation   Eihibiti  Building  of  the   World** 

Columbian  Eipotltion  of  iS^jj  .  . ........ .4to,  half  morocco,  5  oa 

Dt»  BoiA'fi  Elementary  R^Lnciplei  of  Mechanic*: 

VoL     I. — Kinematica ,,..,...,..,,.., Sto*  3  so 

Vol     D.— Statics  ,.. ,8to.  400 

VoL  ID.— Kinetics , ......,...♦..,...,,  Svo*  3  5« 

Mechanica  of  Engineering.     VtfL    L .................... .  .Small  410,  7  50 

Vol  n, ..... . -..,.. Sm&U  4to,    lo  QQ 

Duriey'a  Kinematics  of  Machines  ,.....♦, ^ , 8to,  4  00 

PlUgerald's  Boston  Madihiat -^  ................♦.*♦*♦ . ,  |6mo,  i  00 

Fla\her*s  Djuamotoeters.  and  tb«  Heasnffifnent  of  Powtr, ........,« ^^  ^imvoA  ^  -^  «» 

Rape  Driving  .  .    -,,-.,...,...,-»»..*,. ••..•i. ...--«».* ^viiaa,   -i  «^ 


I 


SAU'^i  Cir  LybrlcHtiofi ,  . ^.  v..  *»«i.^*. 

Bellr't  Art  of  Saw  Fllinif ^. ...,*. . 

*■  Johtaoa*i  IbeoTtticAl  UecbAJuca. ».. . ..«.., «•,,,  ^ . 

Stitict  by  Graphic  and  AJgflinic  Methods, 
Jcpaei*«  Btmciiine  Decent 

Part    L— Kinematici  of  Bdtcbuierf        .    .  . 

Part  n  —Form,  Strength ,  ind  Froportloui  ol  Paitt , , . . , -  , 

Kerr's  Ptjmer  and  Power  TritQimi»iDn ....,.,«..,,..,,,,».... 

Luaxa*'!  AppU^d  MecbAnics                             ».....<..,«  ^ «.,.,  ^ « ^ .,  . 
iiicCoTd^K  Kiaemitiu;  ar,  Pnctiul  Mecb^niam  . . ,   . . « 

VelocitT  DiiMEJ-ami  ,.,... , « . . . . 

Ibunr'i  Te^lutieml  Mechmnlci.  *...>..*.„.*...,**«•<. , . .  • 

McrrioiAa'fl  Text-book  on  tbe  M«ctuQka  of  MKtertili. ,......,,..... 

*  Mkhia'i  Elementi  of  Aoaiinic&l  Mecbaaici    , ^^ ,......«..,« . 

R»BCKG^B  Loconotivet:  Stmplei  Comijouadp  and  EleeCrie .  ^ ,,.,,,,,.,. , 
Reld'i  Course  in  Mecbmnlcai  Brawbif   .  _  ,      ^  . . , , , 

Teirt-book  of  Mechanical  Brawioc  ftod  Ekm«nlu7  Mufhimt  BMicn 

RicbardB'e  Compi-eased  Air    . *-..,♦.*,%• . 

Eobintoo'i  PrmcipleB  of  Mechjuutni  ,.,.,..........^f, ..««-••*. 

RraB,  Hoirm,  anit  Hoxie'^a  Electrical  MacMneiT,     Vol,  I. ........... . 

SlaclaLr't  Locomativt-eogme  Rumilac  anil  Manasement. 

Smlilk't  PrcEs-workina  of  Mctuls  .      ,  , ^ . 

MateriftU  of  Mathiaea.  

9imi]g]«Tk  Greene »  and  Manball'a  Elemeotx  of  Steain-«nsiiieeriiic 

ThuTBton'i  TreatiM  oci  FrlcHoa  as^  Lott  Work  in  MadHoerr  ind 
Work - 

Animal  as  a  BSachine  and  Prime  Motor,  and  the  Lawi  ol  Enereatka . 
Warren'i  Elements  of  Macbioe  CoostnictioQ  and  Dramriog   .  , ,    ...... 

Weifibach's    lUaematici    and    the  Power  of    Transmisaioti.     (B^ 

KlcinJ 

Macbinery  of  Transmissioii  and  Go7emoix.     (Heifmafiii — EJeia. 
Wood's  Elements  of  Atmlrdcal  Mechanics  ^      ............. . 

Pr^nclpleft  of  Elementary  Mechanics.  ........,.* 

turbines  ,*.*♦..*.* , ***-..,.,*,. 

The  World's  Columbian  Bzposltioii  of  iS^i .........  ^ . 
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METALLURGY* 

Egletton's  Meullurgy  of  SilTer»  Gold,  and  Mercury: 

Vol  L— Silver. , 8to,  t  so 

Vol  H.— Gold  and  MercuiT ,,.,,,... ,.,...  «vo,  7  $9 

**  iLes's  tead-imetUn£.    (PoBtaie  q  centi  addlUonaL)  .............  lamo,  j  50 

Keep's  Cast  Iron , , 810,  a  50 

JCuahard|*s  Practice  of  Ore  Dressing  in  Europo , flt-o,  1  50 

L«  ChateUer's  Ri^^h-^temperature  MeRsurements.  (BotidotLard— ^BtirgesSL) .  tamo*  3  00 

Metcalf'i  SteeL     A  Marinal  for  Steekuaers ...................... i»mo,  a  00 

Smith's  Bfaterlals  of  Machines.  ,...,..  ........*......,,  ^ .,,..  i  smo.  t  00 

ThtiTtton's  Materials  of  Knclaeerint.     In  Tbree  Part*. ... , , , 8to.  S  00 

Pari  11, — Iron  and  Steel. ,.,-_..,.-,.,..,.,,.,,.,..,,,,,,,,.  ,8*0,  j  9ft 
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